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ABSTRACT 
The thesis embodies information on the protein and amino 
acid requirements of some important cultivable finfish species, 
and on the efficacy of formulated feeds. 
The optimum dietary protein requirements have been 
quantified for the Indian major carps, namely, Labeo rohlta, 
Cirrhinus mrigala, Catla catla, and the catfish, Clarias 
batrachus, using almost iso-caloric, casein-gelatin based purified 
test d ie ts . The protein requirements of three species of the major 
carps measured through dose-response curve, appeared 
size-dependent. The requirements of JL. rohita were found to be 
40% for the fingerling ( 4 . 0 - 5 . ^ cm) and 30% for larger (11.0-14.0 
cm) fish. C. mrigala reflected the best growth at 40% and 35% 
dietary protein levels in small (3,5-4.5 cm) and large-sized (6.0-
7.5 cm) fingerlings, respectively. The protein efficiency ratio 
(PER) in the two fish species fell almost linearly with protein 
intake. In C. catla, as well, size-dependent variations In protein 
requirements were evident,, with maximum growth obtainable at 
40% dietary protein in small (2.4-2.9 cm) and 35% protein in large 
(7.6-9.6 cm) size-classes. The pattern of changes in PER for 
this species was, however, different from that noted for L, rohita 
and £ . mrigala, increasing only up to the requirement levels . 
Dose-response curve for £ , batrachus (12.4-13.6 cm) indicated 
that the fish requires 40% protein in the diet for i ts optimum 
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growth. PER in this species was inversely proportional to the 
level of dietary protein incorporation. 
Variations in muscle protein and nucleic acid 
concentrations have been observed in C^ . batrachus fed iso-caloric 
varying crude protein level d ie t s . A clear positive relationship 
between the amount of dietary protein and muscle protein content 
was noticeable up to 35% protein incorporation in the diet . 
Feeding fish above this level of protein decreased the muscle 
protein content. Similar pattern of changes were seen in the 
concentration of RNA and the RNA;DNA rat ios . The concentration 
of DNA, on the other hand, declined progressively up to 35% 
dietary protein level . RNA:DNA and RNA:protein ratios serving 
as sensitive tools in monitoring the growth and/or protein 
deposition in fish has been emphasized. 
Using iso-caloric and iso-protein test d ie ts , the dietary 
requirements of indispensable amino acids , most limiting in plant 
origin foodstuffs, were quantified for iL. rohita fingerlings. The 
break-point obtained over the riose-response curves indicated the 
dietary requirement for arginine, lysine, methionine and tryptophan 
as 2.94, 5.88, 2.64 (1% cystine fixed, dry diet) and 0.59% of 
protein, respect ively. Incorporation of higher amounts of the 
above amino acids in diets did not improve the gains ir*. 11; e 
weight. Fish receiving diet devoid of these amino acids (C-dosa) 
resulted in marked loss in weight. Although the recovery tes ts , 
established the essentiality of these indispensable amino acids 
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for the fish, a less efficient utilization of crystall ine amino acids 
by this species, as reflected by poor growth, was noticeable. 
The efficacy of different oilcakes was tested in dietary 
formulations for fingerling L,. rohita. Soybean oilcake contained 
diet reflected the best (112%) growth followed by sesame and 
groundnut oilcake contained die ts . The diet containing the 
cottonseed oilcake gave poor performance in terms of l ive weight 
gain. The observed variations in the growth response of fish 
were attributed to the nutrient quality, particularly to their 
essential amino acid profile, and to the anti-nutritional factors 
contained in the oilcakes. 
Replacement of fish meal with offal meal was attempted 
in diets formulated for the fingerlings of the above species. The 
results indicated that up to 50% of fish meal component In the 
diet can successfully be replaced with offal meal without altering 
fish growth or body protein. Dietary formulation containing a 
combination of 20% fish meal and 30% offal meal produced growtfi 
similar to that with 40% fish meal and 10% offal meal diet . 
Similarly, replacement of fish meal with soybean meal (on protein 
to protein basis) was attempted in 40% crude protein diets 
formulated for the fingerlings of this species. Dietary requirement 
for fish meal protein was successfully reduced to 57% by 
replacement with 43% soybean meal protein, without significantly 
altering the growth, conversion efficiencies and carcass composition 
of the fish. Levels of soybean protein incorporation above 43% 
depressed fish growth. 
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The information obtained during the present study are 
useful in formulating cost-effective practical diets for the semi-
intensive or intensive culture of Indian major carps and the 
catfish. 
Protein and Amino Acid Requirements, 
and Efficacy of Dietary Formulations 
in Some Cultivable Finfish Species* 
T H E S I S S U B M I T T E D FOR T H E D E G R E E O F 
Mottov of 49!)tlo)8;opt)p 
IN 
ZOObOGY 
BY 
MDKHTAR AHMAD KHAN 
FISH NUTRITION RESEARCH LABORATORY 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1991 
* Forms part of the research (Grant No. FG-lN-645) financed by the United 
States Department of Agriculture, Office of Entemational Cooperation and 
Development, Special Foreign Currency Research Program. 
, ^ ! i L ^ ' . ^ i ^ ^ 
T4154 
^*£^---D-200S 
0 5 JUN'rog3 
-^•i-^'^ ' ' '" ' *;?5-<3? 
D E P A R T M E N T O F Z O O L O G Y 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH—202002, U.P. 
(INDIA) 
Sections : 
1. ENTOMOLOGY 
2. PARASITOLOGY Mc/. No. 
3 ICHTHYOLOGY & FISHERIES 
4. AGRICULTURAL NEMATOLOGY 
5. GENETICS Date A p r i l 1 5 , 1991 
ou rUnlversity: 285 
' ^ ° " " [public : 25646 
> > 
•H... ' 
Certified that the thesis "Protein and' amino acid 
requirements, and efficacy of dietary formulations In some 
cultivable flnflsh species" has been completed under 
my supervision by Mukhtar A. Khan. The work is 
original and has been independently pursued by the 
candidate. It embodies some interesting observations 
contributing to the existing knowledge on the subject. 
I permit the candidate to submit the thesis for the 
award of Doctor of Philosophy in Zoology of the Allgarh 
Muslim University, Allgarh. 
A.K: 
M . S c , Ph.D. , F.N.A.Sc. 
Professor 
CONTENTS 
page 
Acknowledgements 
General Introduction 1 
General Methodology 12 
Part I 
Chapters 
1. Dietary protein requirement of the Indian major 
carp, Labeo rohita Hamilton 28 
2. Dietary protein requirement of the Indian major 
carp, Cirrhinus mrigala Hamilton 36 
3. Dietary protein requirement of the Indian major 
carp, Catla catla Hamilton 43 
4. On the dietary protein requirement of the 
catfish, Clarias batrachus Linnaeus 50 
5. Protein and nucleic acid concentrations in the muscle 
of the catfish, Clarias batrachus at different 
dietary protein levels 57 
6. Quantitative dietary requirement of the Indian major 
carp, Labeo rohita Hamilton, for some indispensable 
amino acids 65 
Part n 
7. Nutritional efficacy of oilcakes in diets compounded 
for Indian major carp fingerling, Labeo rohita 
Hamilton 78 
8. Replacement of fish meal with offal meal in 
formulated diets for the carp fingerling, 
l.abeo rohita Hamilton 84 
9. Replacement of fish meal protein with soybean meal 
protein in diets formulated for fingerling Labeo 
rohita Hamilton 90 
Bibliography 97 
ACKNOWLEDGEMENTS 
I express my deep sense of gratitude to my research guide, 
Prof. A.K. Jafrl , for his valuable advice throughout the course of 
th is investigation; and to Prof. Mumtaz A. Khan, Chairman, 
Department of Zoology for providing the laboratory facil i t ies. Special 
thanks are due to Dr. Saleem Mustafa for his continued interest 
in the progress of the research work. 
I am greatly Indebted to Prof. John E. Halver, School of Fisheries, 
universi ty of Washington, USA, for his valuable advice and help, 
and to Thom Wilson of the same school for helping me in carrying 
out energy estimates of certain feedstuffs. 
Thanks are also due to Dr. Robert P. Wilson, Department of 
Biochemistry, Mississippi State University, Mississippi; and to Dr. 
Ronald W. Hardy of Utilization Research Division, National Marine 
Fisheries Service, Seattle, Washington, for useful discussion on the 
subject, and sparing some relevant l i terature during my training in 
USA. 
I am profoundly grateful to all my laboratory colleagues and friends 
for extending their generous help whenever sought for. 
Financial assistance rendered by the Far Eastern Regional Research 
Office, US Department of Agriculture, and Indian Council of 
Agricultural Research, New Delhi is gratefully acknowledged. 
GENERAL INTRODUCTION 
The need for substantial increase in the world 's supply of animal 
protein has generated greater interest in aquaculture of finfish, shrimps 
and other aquatic organisms. Fish ranks first among the farm animals 
in terms of protein yield per unit food intake. The rearing of fish 
at high stocking levels necessitates a detailed study of their 
nutritional requirements in order to produce feeds that, besides being 
cost-effective, are nutritionally adequate for their growth. In recent 
years , therefore, much attention has been focussed on finfish nutrition 
and considerable efforts have been expanded to the development of 
formula feeds for a number of cultivable species as evidenced by 
increasing amount of l i terature in the form of published papers and 
reviews (Castell, 1979; Cowey, 1979; Cowey and Sargent, 1972, 1979; 
a b Cowey and Stevenson, 1979; Halver, 1979 ' ; Nose, 1979; Nose and 
Aral, 1979; Ogino, 1979; Chow, 1982; NAS-NRC, 1981, 1983; Jauncey, 
1982^; Ketola, 1982 ; Millikin. 1982^; Watanabe, 1982; Cowey and 
a Luquet, 1983; Takeuchi et^ a]_., 1983; Robinson and Lovell, 1984 ; Cho 
et a l . , 1985; Cho and Kaushik, 1985; Halver, 1985; Kanazawa, 
1985; Tacon and Cowey, 1985; New, 1986; Wilson and Halver, 1986; 
Yamada, 1986; Bowen, 1987; Halver, 1989; Kaushik eX_ al_., 1989; 
Lall, 1989^; Lovell, 1989; Piper et^  ed., 1989; Sargent e_t^  £l_., 
1989; Wilson, 1989; and Tacon, 1990). 
Since protein constitutes in fish culture the single most expensive 
item in artificial feeds, it i s logical to incorporate only that much 
which is necessary for normal maintenance demand and growth. 
Any excess is considered wasteful, biologically as well as 
economically. Diet development for particular species therefore, 
requires a precise assessment of i ts protein needs which 
determines, to a large extent, the overall success of i ts production. 
Halver and his colleagues (DeLong et^  a2_., 1958), working on 
Chinook salmon with diet containing casein, gelatin and crystalline 
amino acids, simulating the amino acid profile of whole egg protein, 
were the first to give the definition of optimum protein requirement 
as minimum protein needed by the fish for maximum weight gain. 
The pioneering work of Halver and his colleagues provided the 
basic model for subsequent studies on the protein nutrition 
of a number of fish species l ike channel catfish, Ictalurus 
punctatus (Lovell, 1972; Page and Andrews, 1973; Prather and 
Lovell, 1973; Lovell, 1975; Garling and Wilson, 1976), coho salmon, 
Oncorhynchus kisutch (Zeitoun et^  al^., 1974); common carp, 
Cyprinus carpio (Ogino and Saito, 1970; Takeuchi et_ aj_., 1979); 
estuary grouper, Epinephelus salmoides (Teng et^  al_., 1978); gilthead 
bream, Chrysophrys aurata (Sabaut and Luquet, 1973); grass 
carp, Ctenopharyngodon idella (Dabrowski, 1977); largemouth 
bass, Micropterus salmoides (Anderson et_ aj_., 1981); milkfish, 
Chanos chanos (Lim et_ al_., 1979); plaice, Pleuronectes platessa 
(Cowey e^ al_., 1972); puffer fish, Fugu rubrlpes (Kanazawa et^  al_., 
1980); rainbow trout, Salmo galrdneri (Halver £t a]_., 1964; Zeitoun 
et^  al^., 1973; Satia, 1974; Austreng and Refstie, 1979); red sea bream 
Chrysophrys major (Yone, 1976); smallmouth bass, Mlcropterus 
dolomieu (Anderson et_ ^ . , 1981); snakehead, Channa micropeltes 
(Wee and Tacon, 1982); sockeye salmon, Oncorhynchus nerka (Halver 
e^ al_., 1964); str iped bass, Morone sexati l is (Millikin, 1982^ 1983; 
Berger and Halver, 1987); t l lapia, Tilapia aurea (Davis and Stlckney, 
1978; Winfree and Stickney, 1981; Toledo et^  al_., 1983); Tilapia 
nilotica (Santiago et^  al_., 1982; De Silva and Perara, 1985; Teshima 
et_ al_., 1985; Wang et^  al_., 1985; Wanningama et^ al_., 1985); Tilapia 
zil l i i (Teshima et^  al^., 1978; Mazid et^  al^., 1979); Tilapia mossambica 
(Jauncey, 1982 ) ; yellowtail, Seriola quinqueradiata (Takeda et^  a l . , 
1975); grey mullet, Mug 11 cap! to (Papapareskeva- Papoutsoglou and 
Alexis, 1986); catfish, Clarias batrachus (Chuapoehuk, 1987; Khan 
and Jafri , 1990); Heteropneustes fossilis (Akand et_ al_., 1989); white 
sturgeon, Acipenser transmontanus (Moore et_ al_., 1988); Japanese eel, 
Anguilla japonica (Nose and Aral, 1972); and European eel, 
Anguilla anguilla (Higuera et^  al^., 1989). Recently, the least-
cost dietary protein requirement for four different species 
of young tilapia have been evaluated by De Silva et^  ^ . 
(1989). Although the approach used by various workers 
has changed l i t t le , if at a l l , the use of maximum tissue protein 
retention or nitrogen balance In preference to weight gain 
as criterion of requirement has been suggested by few (Ogino, 
1980 ). A critical review of the methods used for estimating 
dietary protein and amino acid requirements in fish has been made 
by Tacon and Cowey (1985) and Kaushik (1988). Several protein 
sources, natural (fish meal, soybean meal) or purified (casein, 
albumin and gelatin), e i ther alone or supolemented with free amino 
acids, have been used for evaluating the dietary protein 
requirements of fish, since no single protein is considered ideal 
in satisfying all the requirements of the animal. 
Results of most protein requirement studies indicate that fish need 
relatively high (35 - 55%) protein for their growth (NAS-NRC, 1981, 
1983; Tacon and Cowey, 1985; Wilson and Halver, 1986; and Moore 
et al_., 1988). This high dietary protein requirement in fish is 
generally attributed to preferential use of protein over carbohydrate 
as a dietary energy source (Cowey, 1975). The optimum level of 
protein in the diets i s , however, influenced by factors such as 
the balance of essential amino acids, protein digestibil i ty and 
protein: energy ratio in the diet, besides temperature of water, 
salinity, stage of growth of the fish and species, and availability 
of natural food, etc. (Mertz, 1969; Ringrose, 1971; Lee and 
Putnam, 1973; Zeitoun £t al_., 1973; Satia, 1974; Cowey and Luquet, 
1983; and De Silva and Perara, 1984, 1985). 
Information on the amino acid requirement constitute an equally 
important aspect in nutrition and feed formulation of a species. 
The quantitative amino acid requirement Is the minimum amount of 
amino acid that gives the nHxinun growth ra te . An excess supply of 
essential amino acids over the optimum required by fish may not 
necessarily increase i t s utilization (Halver et^  aL[., 1957). Fish, 
like other animals, have a requirement for a well-balanced mixture 
of essential and non-essential amino acids . A proper balance and 
quantity of essential nitrogen In the form of essential amino acids 
may reduce the requirement of non-essential nitrogen component, 
thereby, reducing the overall nitrogen requirement in fish. A 
deficiency in one or more essential amino acids may cause poor 
growth and lack of appetite (Mertz, 1972). 
Development of first successful amino acid test diet for chlnook 
salmon by Halver (1957 ) enabled a number of workers to study 
the essentiality of various amino acids in other fish species (Halver 
and Shanks, 1960; Shanks et_ ^ . , 1962; Dupree and Halver, 1970; 
Aral et^  al^., 1972; Nose et^  al^., 1974; and Mazid et^  al^., 1978). 
Later s tudies on quantitative amino acid requirements were mostly 
based on the test diets in which the nitrogen component consisted 
either of all crystalline amino acids or a mixture of amino acids 
with selected whole protein source, commonly casein and gelatin 
(DeLong et_ al_., 1962; Chance et^  aj_., 1964; and Halver, 1965), 
zein (Dabrowskl, 1981) or gluten (Halver £t £l_., 1958; Ketola, 
1983), the amino acid profile of the total protein component of the 
diet being controlled so as to simulate the amino acid pattern of 
a specific reference protein. To assure the maximum utilization 
of the amino acids, such diets contained protein at or slightly below 
the optimum requirement. Measurements of essential amino acid 
requirement has largely been based on dose-response curve obtained 
by feeding graded levels of each amino acid in the test d i e t . 
On the basis of observed growth response plotted over this curve, 
dietary requirement is usually taken at the ' break-point ' . In newer 
techniques, free amino acid levels within specific tissue pools, 
whole blood, blood plasma or muscle (Kaushik, 1979) or oxidation 
of radio-active labelled amino acids administered orally or by 
injection (Walton et^  al_., 1982) were used as cr i ter ia for estimating 
the dietary amino acid requirements of fish. Using diet containing 
a whole protein source of high biological value, Ogino (1980 ) 
determined the quantitative essential amino acid requirement of fish 
on the basis of the dally deposition of individual amino acids 
within i ts carcass. Tacon and Cowey (1985) referred to a 
similarity between the relative proportions of individual amino 
acids required in the diet and that of the same 10 essential amino 
acids present within the fish carcass. Wilson and Poe (1985 ) 
obtained a strong regression coefficient when essential amino acid 
requirement of the channel catfish was regressed against the whole 
body essential amino acid profile. 
Although quantitative essential amino acid requirements have been 
worked out for many fish species (Halver, et a l . , 1958; Halver, 
1965; Klein and Halver, 1970; Luquet and Sabaut, 1974; Harding et_ 
al_., 1977; Wilson et^  £l_., 1977, 1978; Kaushlk, 1979; Nose, 1979; 
Robinson et_ al_., 1980^' ; 1981 Wilson et^ aj_., 1980; Dabrowskl, 1981; 
Jackson and Capper, 1982; Kim and Kayes, 1982; Walton et^  ^ , , 1982; 
Hughes, 1983; Ketola, 1983; Kim et^ aj_., 1983, 1984, 1987; Poston 
a b 
and Rumsey, 1983; Rumsey e^ a\_., 1983; Walton et^ a]_., 1984 ' ; 
a b Akiyama et^  a]_,, 1985 ' ; Cho and Woodward, 1985; Santiago, 1985; 
Thebault, 1985; Walton e t ^ ^ . , 1986). complete information is available 
only for Chinook salmon (Oncorhynchus tchawytscha), common carp 
(Cyprinus carpio), Japanese eel (Angullla japonica), channel catfish 
(Ictalurus punctatus) and rainbow trout (Salmo gairdneri) . Amino 
acid requirements of fish have recently been reviewed by some 
workers (Wilson, 1985, 1989; Wilson and Halver, 1986, and Tacon, 
1990). Cowey (1988) has also dealt with the subject while reviewing 
the developing scene of fish nutrition. 
Aquaculture nutrition is concerned with the supply of dietary nutrients 
to fish ei ther directly in the form of an artificial diet or indirectly 
through the increased production of natural l ive food orgnisms. 
Within the intensive culture systems, the natural food organisms play 
l i t t l e or almost no role in the nutrition of the farmed species. This 
necessitates feeding fish with artificial diet which becomes 
the single most critical and expensive commodity in the 
entire culture operation. Lovell (1989 ) has exhaustively 
reviewed the importance of diet in fish husbandry. The use of 
compounded feeds in fish culture has been attempted and emphasized 
by several workers in the past who have tested the efficacy of 
such diets for various fish species (Reinitz et_ a\_., 1978; Reinitz 
and Hitzel, 1980", Bryant and Matty, 1981; Dabrowski and Kozlowska, 
1981; Jafri et^  al^., 1981; Viola et^  al_., 1981; 1982. Hlggs et^  a l . , 
1982; Jackson et_ a]_., 1982, 1984; Dabrowski et_ a]^., 1983; Hardy 
a b 
and Sullivam, 1983; Santiago et^  a]_., 1983; Tacon e;^  ^ . ,1983 ' . ; Viola 
and Arieli, 1983^''^; Abel et^  a\_., 1984; Akiyama et_ al^., 1984; 
a b Charlon and Bergot, 1984; Niamat and Jafri , 1984 ' ; Ofozekwu and 
Ejike, 1984; Robinetti, 1984; Robinson et^  aj[., 1984; Winfree and 
Stickney, 1984; Alexis et^ ^ . , 1985; Asgard and Austrang, 1985, 
1986; Campbell, 1985; Cho et^ ^ . , 1985; Crampton, 1985; Cuzon, 
1985; Dabrowski and Kaushik, 1985; Robinson et^  a}^., 1985; Uys 
and Hecht, 1985; Merola and Comtelmo, 1987; Hossain and Jauncey, 
1989; Piper et^  al^., 1989 and Nandeesha et^  al_., 1991). 
A balanced formula for fish diet must Include an energy source plus 
sufficient indispensable amino acids, fatty acids , specific vitamins, 
and minerals to sustain life activit ies and promote growth (Halver, 
1976 . The available energy level in feed i s of prime importance. 
Too much energy in feed is wasteful and may result in excess fat 
deposition in fish and limit feed consumption. When feed Is 
deficient in energy, protein and other nutrients are not utilized 
to their fullest potential for growth. The information on proximate 
composition and energy content of feed ingredients Is , therefore, 
essential to formulate nutritionally balanced diets . 
With increase in the knowledge of the nutritional needs of the 
species, cost-effective dietary formulations can be developed, 
provided the information regarding the cost, nutrient content and 
i t s availabili ty to the fish and minimum-maximum restrictions on 
levels of various ingredients are known. For a successful diet 
development strategy, the nutrients contributed by each feedstuff 
should be identified to ensure a meaningful purpose of Its selection. 
Any nutrient in a particular feedstuff, such as an amino acid. Is 
just as valuable as the same nutrient in any other feedstuff and 
th is allows the interchange of one feedstuff with the other as cost 
and availabili ty change. Feedstuffs are compared with one another 
on the basis of cost per unit protein, energy or amino acid. Thus, 
there i s no ideal formulation but rather an almost infinite number 
of possible feed formulations that can effectively meet the 
nutritional needs of the fish. Better production and increased 
growth performance of fish i s , however, tied up with proper 
selection and combination of feed ingredients, so as to meet the 
requirement of essential dietary nutrients. Although cheap 
availabili ty and nutritional richness of several feedstuffs and many 
agricultural byproducts facilitate fish diet formulation, the presence 
of anti-nutritional factors and toxins in some plant origin feedstuffs 
may depress fish growth, if not properly inactivated. Ingredients 
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used in fish feed formulations are both of animal and plant origin, 
the former includes byproducts of fish, shrimp, meat and poultry 
industries and wastes from slaughterhouse, and the latter feedstuffs 
of plant origin. With the exception of fish meal, which has 
a well-balanced essential amino acid profile, majority of protein 
sources exhibit amino acid imbalances that make them unsuitable 
as a sole dietary protein. Feedstuffs are, therefore, mixed to 
obtain the desired essential amino acid profile. 
Although fish cultivation In India is an age-old practice, basic 
nutritional studies on fish are relatively few. Some information 
is available on the gross protein requirement of Indian major carps 
and catfishes (Jayaram, 1978; Sen et^  al_., 1978; DARE, 1984. 
Renukaradhya and Varghese, 1986; Singh and Bhanot, 1988; Swaml 
et^  al_., 1988; and Akand ei^  a]_., 1989). Niamat (1985) has worked 
out the essentiality of arginlne, lysine and tryptophan in purified 
diets for the catfish, Heteropneustes fossilis. However, no 
published data is available on the quantitative amino acid 
requirements of these fishes, hampering efforts to translate the 
information to least-cost practical diets . Efforts of several 
organizations, including some of governmental agencies, were directed 
towards developing nutritionally adequate fish feeds and 
scanning new economical feed ingredients (DARE, 1984). 
The need for initiating diet development program, using locally 
available ingredients, for carp polyculture in India was stressed 
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in FAO Technical Report (Chow, 1982) and also highlighted in an 
International Symposium on Aquaculture Research Needs for the Year 
2000 (Alagarswami, 1988; Dehadrai, 1988; Jafri et^  al_., 1988; Sinha, 
1988; and Tripathi , 1988). 
The present study was undertaken with a view to obtaining 
information on the protein and amino acid requirements of some 
Indian cultivable finfish species, and testing the efficacy of 
formulated feeds on these fishes. 
The study is presented in the thesis in two par t s . 
Part I deals with the protein and amino acid requirements of the 
Indian major carps and a cultivable catfish. 
Part II embodies information on the efficacy of the feeds formulated 
using locally available feedstuffs. 
The study provides basic information which could be of interest 
to fish nutritionists in undertaking diet development programme for 
these fishes. 
GENERAL METHODOLOGY 
Source of fish stock and their acclimatization 
Fry and fingerlings of Indian major carps, Catla catla. Labeo rohlta 
and Cirrhinus mrigala were procured from Uttar Pradesh Fish 
Cooperative Seed Production Centre, Kolahar, Mathura. The f ishl6t6 
were given a bath in KMnO (5 mg/1) and stocked in an outdoor 
earthen pond (12 X 6 X 1.5 m). During this period fish were offered 
conventional feed mixture of rice bran and mustard oilcake (1:1) . 
After about a fortnight, desired number of fish species were 
transferred to the wet laboratory and acclimatized on casein-gelatin 
purified (H-440) diet for about two week. 
Young catfish, Clarias batrachus. were obtained from the local ponds, 
bathed with 5 ppm KMnO and maintained in outdoor cement cistern 
(3 X 1.2 X 1 m). These were fed low quality minced meat. The 
required number of fish were transferred to the wet laboratory and 
acclimatized on H-440 diet for about one week. 
n . Preparation of experimental diets 
For the estimation of dietary protein requirement of fishes under 
study, casein-gelatin test diets with different levels of protein were 
formulated. Calculated quantities of various dietary ingredients were 
weighed on an electronic balance. A known quantity of water was 
12 
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then taken In a stainless steel attachment of Hobart electric mixer 
and heated to 80°C. Gelatin was dissolved into it with slow stirring 
and heating the content on to a double boiler unit. The mixer bowl 
was removed from heating, dextrin and mineral mix added to i t , and 
the content blended in Hobart mixer while s t i l l in lukewarm sta te . 
This was followed by the addition of remaining dietary ingredients, 
excepting carboxy methyl cellulose which was added in the last . 
As the diet began to solidify, the speed of stirring was increased 
gradually to incorporate a i r Into the mix. The final diet, about 
the consistency of bread dough, was poured into a teflon coated pan 
and placed into a refrigerator overnight to je l l . 
a 
Mineral and vitamin premlxes used were according to Halver (1976 ) 
while the composition of crystalline amino acid premix was that of 
DeLong et^ £l_. (1958). 
m . Testing the palatabillty of experimental diets 
Before conducting the feeding t r ia l , characteristics l ike palatabllity 
and water s tabi l i ty of the experimental diets were tested in various 
forms viz. soft cake, dry crumble and rolled pellet . The methods 
of preparation of these diets were as follows: 
Soft cake 
The soft cake was in the form of dough obtained by processing the 
various quantities of dry ingredients In warm water (80°C) to obtain 
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a product with moisture level around 50%. Details of preparation 
of dough were the same as given elsewhere (see pages 12-13). 
Dry crumbles 
For the preparation of crumbles, the dough obtained was cold 
extruded through a Hobart extruder fitted with 1 mm die. The 
strands were spread over the receiving tray and placed in hot a i r 
(60°C) oven. The diets upon drying were crumbled and sieved 
through ASTM-18, 30, and 500 micron screens, and stored in sealed 
polythene bags in freezer until used. 
Rolled pellets 
Fines obtained from the above were processed for obtaining the rolled 
pellets through a simple device. The fines were placed in a circular 
rotating stainless steel plate exposed to a uniform water spray 
through a nozzle. This resulted in adhesion of fines with sufficient 
a i r trapped between the part ic les . The round pellet- l ike product 
was placed in hot a i r (60°C) oven for drying. The pellets were 
sieved through screens with different ASTM sizes. 
Dry crumbles showed a reasonably good water stabil i ty and better 
palatability when used for feeding the carps, while soft cake was 
found suitable for the catfish. These diets were, therefore, chosen 
for subsequent feeding t r i a l s . 
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For studying the essential amino acid requirement of I., rohita, 
calculated quantities of amino acids (Chance et_ al^., 1964) and salt 
mixtures were s t i r red mechanically for about 30 min in a stainless 
steel attachment of Hobart electric mixer bowl. This was then 
neutralized and Jieated to 80°C on a double boiler unit. Gelatin was 
separately dissolved in a known amount of water and then added to 
the container. The mixer bowl was removed from heating and dextrin 
added to i t . This was followed by the addition of casein and other 
dietary ingredients, excepting carboxymethyl cellulose which was 
added in the last . Addition of each dietary ingredient was followed 
by thorough blending. The final diet, about the consistency of bread 
dough, was poured into a teflon coated pan and placed into a 
refrigerator to Je l l . Crumbles (ASTM-30) of the amino acid test 
diets were prepared upon extrusion through 1 mm die. 
For studying the effect of replacing the fish meal component of diet 
with offal and soybean meal on the growth of IL. rohita fingerling, 
and to test the calculated quantities of various dietary ingredients. 
These ingredients, excepting vitamin and oil mix, were blended 
thoroughly in Hobart feed mixer. A known quantity of water was 
heated to 80°C and to this was added the ingredient mixture with 
constant blending, and the cooking continued for about 15 min. 
Vitamin and oil mix were then added to the lukewarm (50°C) 
ingredient mixture. The final diet was processed for the preparation 
of crumbles according to the method mentioned ear l ier . 
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IV. Feeding trial 
Fish of the desired size and number were sorted out from the 
acclimatized fish lots maintained in the wet laboratory. These were 
stocked in tr iplicate groups in 70 1 high density polyvinyl circular 
trough (water volume 55 1) provided with a continuous flow-through 
system. The water exchange rate in each trough was maintained at 
1-1.5 1/mln. The bottom of the trough was siphoned off on alternate 
days to remove unused food, if any, and the faecal matter. A 
natural light : dark cycle was maintained. The feeding schedule 
and level were chosen after carefully observing the feeding behaviour 
of the fish and their intake. 
Fish were fed six days a week and feeding allowances adjusted on 
weekly basis . Care was taken to ensure that diets were quickly 
consumed. Accumulation of diet at the bottom was avoided to prevent 
any possible leaching of the nutrients. A thorough scrubbing and 
cleaning of each trough was carried out weekly. A record of the 
dissolved oxygen and water temperature was separately maintained 
on daily basis . All experiments were done in t r ipl icate . 
V. Proximate analyses 
Assessment of proximate composition of ingredients, diets and carcass 
was made using the standard techniques (AOAC, 1984). 
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(1) Estimation of crude protein 
Protein was estimated by a slight modification of Wong's 
micro-kjeldahl method as adopted by Jafri t^^  ad. (1964). 100 mg 
of dry powdered sample was treated with 5 ml diluted (1:1) 
sulphuric acid in Kjeldahl flask and boiled for a few minutes t i l l 
fumes disappeared. After cooling, 0.5 ml saturated potassium 
persulphate solution was added to oxidize the digesting mixture. 
The digestion was continued t i l l the solution in the Kjeldahl flask 
became water clear, indicating that all the nitrogenous material 
present in the sample has been converted into ammonium sulphate. 
The clear solution was diluted to 50 ml with distilled water. 0.5 
ml aliquot of the digested sample was mixed with 0.1 ml each of 
dilute (1:1) sulphuric acid and saturated potassium persulphate. 
The content was raised to 3 ml with disti l led water. This was then 
nesslerized with 7 ml Bock and Bendict Nessler 's reagent (Oser, 
1965). The solution was kept at room temperature for 10 min for 
complete colour development. A blank was prepared, side by side, 
substituting the aliquot with distil led water. The colour was read 
on a spectrophotometer at 480 nm. The intensity of colour developed 
was proportional to the amount of ammonium sulphate contained in 
the solution. The values of optical density obtained for various 
samples were read off against a standard calibration curve (Fig. 1) 
prepared by taking readings of a series of different dilutions 
containing different grades of known amount of nitrogen in stock 
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solution. Crude protein was calculated by multiplying the nitrogen 
value with protein factor (6.25). The values were recorded as 
percentage on dry weight basis . 
For the estimation of muscle protein, method of Lowry et^ £l_. (1951) 
was adopted. A weighed quantity of muscle sample was homogenized 
in distil led water and treated with cold trichloroacetic acid (10%) 
to precipitate the proteins. The homogenate was centrifuged at 4000 
rpm for about 15 min and the supernatant discarded. The process 
was repeated for complete removal of acid soluble components. The 
residue was treated with 95% ethanol twice or three times and with 
solvent ether several times. After discarding the solvent, the 
residual mass was dried in an electric hot a i r (80°C) oven to 
remove solvent traces. The dried fat-free sample in powdered form 
was used for estimating the protein. This fat-free sample was also 
used for the estimation of nucleic acids . 
10 mg of the dry fat-free sample was digested with 1 ml IN NaOH 
in a boiling waterbath for 15-20 min. After complete digestion, the 
contents were raised to 10 ml with disti l led water. 0.1 ml aliquot 
was raised to 2 ml by adding disti l led water. To th is , 1 ml of 
carbonate-copper solution was added, mixed and allowed incubation 
at room temperature for 10 min. Diluted (50%) 0.1 ml Folin's reagent 
was mixed and kept for incubation for 30 min at room temperature. 
A blank was likewise prepared using all reagents except the aliquot. 
The colour intensity was read on a spectrophotometer at 500 nm. 
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A calibration curve (Fig. 2), relating the optical density to mg 
protein, was prepared with highly processed bovine serum albumin 
as the standard. The amount of protein was calculated as mg/100 
mg dry fat-free tissue. 
(i i) Estimation of moisture 
A known quantity of sample was taken in a pre-welghed vitreosil 
crucible and placed In hot a i r oven at 100°C for 24 h . The crucible 
containing the dried sample was cooled to room temperature in a 
desiccator and reweighed to ensure that the sample had become 
completely dried, the entire process was repeated t i l l a constant 
weight was obtained. The loss in weight gave an index of water 
from which i t s percentage was calculated. 
( i i l) Estimation of ash 
A known quantity of sample was taken in a pre-weighed vitreosil 
crucible, dried in hot a i r oven (100°C) and ignited in muffle furnace 
(650°C) for 2-3 h t i l l the sample became carbon-free. The crucible 
was cooled in a desiccator and reweighed to estimate the quantity 
of ash. The result was expressed as percentage on dry weight 
basis . 
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(iv) Estimation of crude fat 
For the estimation of crude fat, continuous soxhlet extraction 
technique, using petroleum ether (40-60°C B.P.) was employed. 
A weighed quantity of finely powdered and dried sample was taken 
in Whatman fat extraction thimble plugged with cotton and 
introduced into the soxhlet. The extraction was carried out for about 
10-12 h. At the end of extraction, the solvent was recollected and 
the flask cooled down in a desiccator and reweighed. The increase 
In the weight of the flask gave the quantity of crude fat extracted 
from the known weight of the sample. The results were expressed 
as per cent on dry weight bas is . 
(v) Estimation of crude fibre 
Estimation of crude fibre was made on the fraction remaining after 
digesting the sample with standard solution of sulphuric acid and 
sodium hydroxide under carefully controlled condition. A weighed 
quantity of dry fat-free sample was taken in a spoutless conical flask 
fitted with a reflect condenser. Boiling water was added to i t , 
followed by addition of 25 ml sulphuric acid (10%). The content 
was mixed, the volume raised to 200 ml and boiled for 30 min. 
Acid solution was removed and the filtrate collected. The residue 
was then washed at least three times with boiling water. To th is , 
was added 25 ml sodium hydroxide (10%) solution and the content 
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diluted to the mark. It was boiled for another 30 mln. At the 
end of the boiling, filtering and washing were repeated. The residue 
was transferred to a porcelain crucible, dehydrated with ethanol 
and dried to a constant weight at 100°C. This was incinerated for 
2 h in a muffle furnace at 650°C. The fibre content was calculated 
on the basis of difference in weight of the residue after drying and 
ignition, and the value expressed as per cent dry weight. 
(vl) Estimation of gross energy 
Gross energy was determined by direct calorimetry. Sample was 
dried in hot a i r (100°C) oven for 24 h, finely ground and a known 
quantity taken into a metallic crucible and compacted carefully to 
increase the rate of combustion' carried out in Gallenkamp ballistic 
bomb (adiabatic) calorimeter, with appropriate corrections based 
on the standardization of the instrument with thermochemical grade 
benzoic acid as the standard. The gross energy i . e . heat of 
combustion was calculated as cal / g . 
VI. Estimation of nucleic acids 
(i) Deoxyrilx)se nucleic acid (DNA) 
For the extraction of DNA from tissue, method of Webb and Levy 
(1955) was adopted. Dry fat-free sample (20 mg) was treated with 
5 ml TCA (50%) and heated in a boiling waterbath for about 30 mln, 
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cooled to room temperature and the loss in the reacting mixture made 
up with 5% TCA. The contents were centrifuged and the supernatant 
taken for DNA estimation using the method of Ashwell (1957) as 
adopted by Mustafa and Mittal (1982). To 0.5 ml aliquot, 0.05 ml 
cystein reagent (5%) was added and the mixture incubated for 10 min 
at room temperature. To th is , 5 ml of 70% sulphuric acid was added 
with constant mixing. The content was incubated again for 30 min 
at room temperature. During incubation the mixture was shaken 3-
4 times. The colour intensity was read on a spectrophotometer at 
490 nm, after adjusting the instrument with a blank solution having 
0.5 ml distil led water in place of aliquot.. The calibration curve 
(Fig. 3) used, relating the optical density to pg of DNA, was made 
using highly polymerized calf thymus DNA as the standard. The 
quantity of DNA was expressed as ^g/100 mg dry fat-free sample. 
(ii) Rlbose nucleic acid (RNA) 
The extraction of RNA from the fat-free muscle sample and i ts 
determination by orcinol reaction was carried out following the method 
given by Schneider (1957). 20 mg dry pellet free from acid soluble 
and lipoidal compounds was suspended in 2 ml of IN potassium 
hydroxide and incubated at 37°C for 22 h . After completion of the 
incubation, 0.4 ml of 6N hydrochloric acid and 2 ml of 5% TCA were 
mixed to the mixture. The contents were then centrifuged at 4000 
rpm for 15 min. The supernatant was used for the estimation of 
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RNA. 1 ml aliquot was diluted to 2 ml with dist i l led water and 
2 ml of orcinol reagent added to i t . The tubes containing the 
reacting mixture were placed in a boiling waterbath for 30 min. 
A blank was also prepared by taking 2 ml of disti l led water with 
2 ml of orcinol reagent. The intensity of colour was read at 660 
nm on a spectrophotometer, after adjusting the instrument with the 
blank. A calibration curve (Fig. 4) , relating the optical density 
to ;jg of RNA, was prepared using purified yeast RNA as the 
standard. The quantity of RNA was expressed as >ig/100 mg dry fat-
free sample. 
Spectrophotometric measurements for all the above analyses were 
carried out on Milton Roy Microprocessor - controlled Splitbeam 
Spectronic 1001 Spectrophotometer. The concentrations of protein 
RNA and DNA have been calculated as the mean of 5-6 determinations. 
VII. Assessment of growth and conversion efficiencies 
Calculations of the growth parameters were made according to the 
following formulae( Wee and Tacon, 1982; Tabachek, 1986 and Hardy, 
1989): 
^2 - ^1 Gain in live weight {%) = —= X 100 
log W- - log W. 
Specific growth rate (%) = e ^ e 1 X 100 
D 
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Where, 
W = Final weight of the biomass (g) 
W. = Initial weight of the biomass (g) 
D = Duration of the feeding t r ia l (days) 
Food conversion ratio = f / f Y n f o i ^ \ . 
Wet weight gain (g) 
Gross growth efficiency = Wet weight gain (g) 
Feed intake (g) 
Protein efriciency ratio = g g ^ r f n l a ^ f , / , " ' 
Statistical analyses of the data were made on Casio fx-451 M using 
standard methods (Snedecor and Cochran, 1968). 
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Composition of vitamin mixture 
Vitamins g/100 g, dry diet 
Choline chloride 0.500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Manadione 0.004 
Pyridoxine Hcl 0.005 
Folic acid 0.0015 
Biotin 0.0005 
0( -tocopherol acetate 0.040 
Vitamin B 0.0001 
*Halver (1976^) 
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Composition of mineral mixture 
Mineral g/100 g 
Calcium blphosphate 13.48 
Calcium lactate 32.40 
Ferric citrate 2.97 
Magnesium sulphate 13.70 
Potassium phosphate (dibasic) 23.86 
Sodium blphosphate 8.72 
Sodium chloride 4.35 
Aluminium chloride 6H 0 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Manganous sulphate H O 0.080 
Cobalt chloride 6H 0 0.100 
Zinc sulphate 7H 0 0.300 
Halver (1976^) 
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Composition of the amino acid mixture 
Amino acids 
(L-ser ies ) 
Arglnlne 
Hls t id ine 
Isoleucine 
Leucine 
Lysine monohydro-
c h l o r l d e 
Methionine 
Cyst ine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Alanine 
Aspar t ic acid 
Glutamic acid 
Prol ine 
Serine 
Glycine 
Total 
Amino acids 
(g/100 g) 
8.299 
2.371 
7.588 
8.726 
6.829 
3.913 
2.276 
5.976 
4.268 
4.102 
1.422 
6.924 
5.454 
3.272 
6.711 
7.968 
1.636 
12.259 
100.000 
Protein supplied by amino 
acids (g/100 g) 
16.680 
4.013 
5.064 
5.823 
6.546 
2.295 
1.658 
3.167 
2.062 
3.015 
1.219 
5.174 
5.359 
2.152 
3.993 
6.058 
1.363 
14.295 
89.936 
Calculation based on Chance et al. (1964) 
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PART I 
CHAPTER 
DIETARY PROTEIN REQUIREMENT OF THE INDIAN MAJOR CARP, 
LABEO ROHITA HAMILTON 
INTRODUCTION 
Sound nutritional practices based on precise knowledge of nutrient 
requirements of the species, as also the satisfaction of such needs 
through formulation of balanced diets , to a great extent, determine 
the success of a fish culture system. In comparision to higher 
animals, fish are more efficient transformers of dietary energy 
into comestible protein, th is being possible only when growth 
performance of different fish species are maximized through proper 
dietary formulation. It i s only in recent years that greater 
Interest has been generated in the nutrition of cultivable fish 
species In India (Jhlngran, 1983; Niamat, 1985; Renukaradhya and 
Varghese, 1986; Flrdaus, 1987; and Shankar, 1988). 
Dietary protein, required as one of the basic building blocks in 
animals, i s used for maintenance and growth. The requirement 
of dietary protein in fish varies with species (Wilson and Halver, 
1986). Since a major component of fish diet i s protein, the 
costliest dietary ingredient, precise knowledge of i t s requirement 
i s essential for formulating cost-effective diet . It i s mainly for 
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th is reason that considerable attention has been given in the past 
to protein nutrition in fish (Cowey, 1979; Lim et_ al^., 1979; Mazid 
et^  ^ . , 1979; Anderson et_ aj^, 1981; Santiago et^  al^., 1982 
b a 
Jauncey, 1982 ;Mill ikin, 1982 ; Wee and Tacon, 1982; NAS-NRC, 1983 
Wang et^  a l . , 1985; Wilson, 1985; Daniels and Robinson, 1986 
Papaparaskeva-Papoutsoglou and Alexis, 1986; Wilson and Halver, 
1986; Chuapoehuk, 1987; and Wilson, 1989). 
Information regarding the dietary protein requirement of Indian 
major carps are scanty (Sen et^  ^ . , 1978; Renukaradhya and 
Varghese, 1986; and Singh and Bhanot 1988) and precise studies 
on protein needs, based on t r ia ls conducted under controlled 
conditions, are warranted. 
In the present study attempt has been made to work out the gross 
protein requirement of the Indian major carp, Labeo rohita, through 
dose-response data using nearly iso-caloric test diets with variable 
protein levels. Since dietary requiremaits are assumed to be size-
dependent, the requirements were assessed for two different size 
groups of this species in order to evaluate variations with growth 
stages as well. This fish is highly priced and cultured in India 
as a component of polyculture system with other indigenous and 
exotic carp species. It grows to about 1 kg in a year (Jhingran 
and Pullin, 1988). 
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MATERIALS AND METHODS 
Preparation of experimental diets 
Six different almost iso-caloric test diets , within a range of 20-45% 
crude protein, were formulated (Table I) using casein and gelatin 
as protein sources. The diets were supplemented with crystalline 
amino acids to simulate the amino acid profile of the whole egg 
protein (DeLong et_ al^., 1958). Since metabolizable energy values 
of energy nutrients for L^ . rohita are not known, the energy in 
experimental diets was calculated on the basis of standard 
physiological fuel values i . e . 4 kcal/g for protein and carbohydrate, 
and 9 kcal/g for fat. The protein to energy ratios in experimental 
diets ranged from 54-123 mg protein/kcal. 
The vitamin and mineral premixes used were the same as given 
earl ier (Pages 25-26).The method of preparation of experimental diets 
has been described under General Methodology section (Pages 12-14) 
Crumbles (ASTM-18/30) containing about 7 per cent moisture were 
prepared and stored in sealed polythene bags in freezer until used. 
Feeding trial 
Under yearlings of L.. rohita belonging to two different size groups 
(4.0-5.5 and 11.0-14.0 cm, total length) were sorted out from the 
acclimatized fish lots maintained in the wet laboratory on H-440 
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purified diet . Test lots were stocked in replicate groups in circular 
troughs. The stocking density for the smaller and larger fish groups 
were 35 and 5 fish per trough, respectively. The duration of the 
t r ia l was 6 weeks for the former and 5 weeks for the lat ter size 
groups. Fish were fed diet crumbles at the rate of 3% of the body 
weight (dry - wet weight basis) at 0800 and 1600h, except on days 
when weekly measuremaits were taken. The details of the feeding 
t r ia ls have been given under General Methodology section (see 
page 16 ) . 
The average water temperature and dissolved oxygen during the 
feeding t r i a l , based on daily measurements, were 26 ± 2°C and 
6.5 ± 2 ppm, respectively. 
RESULTS AND DISCUSSION 
Tables IV - V summarize the results of feed tr ial conducted on two 
different size groups of L,. rohita to quantify their dietary protein 
requirements. The percentage increase in weight of the two size 
groups of fish increased significantly ( P < 0.01) for the test diets 
used (Fig. 1-2). The values of calculated weight gains on each diet , 
worked out through regression equation, were found comparable with 
the actual weight gains, producing a distinct linear relationship. 
Fish of the size group 4.0 - 5.5 cm registered a gain in average 
l ive weight up to 40% dietary protein level . At this level the 
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average weight gain for the group was highly significant ( P < 0 . 0 1 ) . 
Weight gain at 25% dietary protein level was found to be insignificant 
( P > 0 . 0 5 ) . In terms of percentage as well, the fish fed 40% protein 
registered a maximum (61%) gain in l ive weight (Fig. 3A) with a 
specific growth rate of 1.14% (Fig. 4A). The food conversion ratio 
(1.86:1, dry-wet weight basis) and gross growth efficiency (0.54), 
were optimum at the above level of dietary protein (Fig. 5A). 
However, the protein efficiency ratio (PER) fell almost linearly with 
increased intake of protein (Fig. 6A). PER at 40% dietary protein 
Intake was observed to be 1.34. 
Fish belonging to size group 11.0-14.0 cm recorded the maximum 
(53%) and significant ( P < 0 . 0 2 ) growth in terms of live weight gain 
at 30% dietary protein level (Fig. 3B). Weight gains at 40% and 
45% levels of dietary protein were statistically insignificant 
( P > 0 . 0 5 ) . T h e specific growth rate (1.01%), food conversion ratio 
(1.68:1, dry-wet weight bas is) , and gross growth efficiency (0.59) 
were optimum at 30% dietary protein level (Fig. 4-5B). PER 
depicted the same pattern of linear fall (Fig. 6B) with increasing 
dietary protein as noted for the smaller fish group. 
Faster growth and conversion efficiencies in fish cultured under 
controlled system are obtainable with diets containing optimum level 
of protein with all the essential amino acids in balanced proportions. 
The requirement for protein is known to vary with species and the 
stage of growth, besides water temperature, salinity, etc. Protein 
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to energy balance, digestibil i ty of protein and the amount of non-
protein energy sources In the diet also Influence the dietary protein 
requirement of the fish. Protein requirement values have been 
enlisted for several fish species (NAS-NRC, 1983; and Wilson, 1989). 
The results of growth t r ia l on two different size groups of L,. rohita 
indicate that the optimum protein requirement of this species, 
estimated from the dose-response curves as the minimum of dietary 
protein required for meiximal growth, was 40% for the fish belonging 
to smaller size group and 30% for the larger one, indicating that 
the requirement varies with the size of the fish. The fact that 
protein requirement of fish decreases with increasing size or age has 
been observed for several other warmwater fish species (Balarin 
and Haller, 19825 NAS-NRC, 1983; and Wilson and Halver, 1986). 
Sen et^ ^1^. (1978), using purified test diets , reported the protein 
requirement of the fry of l^. rohita to be 45% at a temperature range 
of 24-32°C, while Jayaram (1978) noted the maximum growth of this 
species when fed a 35% crude protein artificial diet . Using some 
conventional and synthetic feedstuff combinations, Renukaradhya and 
Varghese (1986) determined the optimum protein requirement of 
fingerllngs of L,. rohita, stocked with Catla catla in the same 
cistern, to be around 30%. 
Growth depressing effect of feeding fish with levels of protein higher 
than the requirement, as observed by present author in L. rohita, 
was pointed out earlier in plaice (Cowey, et a l . , 1972), grouper 
34 
(Teng et^  al^., 1978), mllkflsh (Llm et^  ^ . , 1979), and pufferfish 
(Kanazawa et a l . , 1980), and was also apparent in the work of 
several other workers (Sen et^  ai_., 1978; Jayaram, 1978; 
Renukaradhya and Varghese, 1986; and Singh and Bhanot, 1988) on 
Indian major carps. A possible reduction in dietary energy available 
for normal growth due to extra energy expenditure towards 
deamination and excretion of excessive amount of amino acids may 
be chief factor for the observed depressed growth of the fish at 
levels of protein higher than the optimum. Essential amino acids 
supplied in excess to the optimum requirement may not necessarily 
enhance protein utilization in fish (Halver and Shanks, 1960; and 
Mertz, 1972). On the other hand, the caloric content of the diet 
may alter growth substantially, and normal growth is accomplished 
if the ration contains sufficient energy in proper ratio (Garling and 
Wilson, 1976). 
In the present work on 1.. rohita sufficiently high (367 kcal/100 
g, dry diet) dietary energy was incorporated in the test diets for 
efficient protein utilization. However, growth was optimum at dietary 
treatments with protein-to-energy ratios of 109 and 82 for small and 
large fish, respectively. Enhancement of protein calories in the 
diet beyond the optimum requirement at the cost of calories from 
non-protein sources resulted in depressed growth, emphasizing the 
importance of non-protein calories in dietary performance. In channel 
catfish weight gain in fish fed high (42%) protein diet with 
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insufficient non-protein energy was reportedly lower to those fed 
a low (36%) protein diet with the same low level of energy (Lovell, 
1976). The efficiency with which I., rohita was able to utilize 
protein, as computed through the protein efficiency ratio declined 
linearly with increasing dietary protein incorporation. This 
observation seems in agreement with the findings on the carp (Oglno 
and Salto, 1970), gilthead bream (Sabaut and Luquet, 1973), 
pufferflsh (Kanazawa et^  al^., 1980), tilapia (Mazid £ 1 ^ . , 1979; and 
Jauncey, 1982 ) and snakehead (Wee and Tacon, 1982). The pattern 
of changes in PER, therefore, appears to be species specific In fish. 
SUMMARY 
The optimum dietary protein requirement has been worked out for 
two different size groups of the Indian major carp, L. rohita, using 
nearly iso-caloric purified d ie ts . The l ive weight percentage of 
the fish belonging to the two size groups increased significantly 
( P < 0.01) over the experimental period, for the test diets used. 
Slze-depaident variations in the protein requirement were evident, 
the optimum requirement being 40% for smaller fish (4.0-5.5 cm) 
and 30% for larger (11.0-14.0 cm) one. Protein efficiency ratio In 
the fish fell almost linearly with increased protein intake. 
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Fig. 1. Fitted mean growth curve for various experimental diets 
(A A 25%; A A30%; • • 45; o o 35; * *40%, 
crude protein) fed to L. rohita (4.0-5.5 cm). 
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Fig. 2. Fitted mean growth curve for various experimental diets 
( • • 45%; A A 40%; X x 20%; • • 35%; 
o 0 25%; * * 30%; crude protein) fed to _L. rohlta 
(11.0 - 14.0 cm). 
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Fig. 3. Relationship between average gain In live weight (%) and 
dietary protein in two size groups of L,. rohita 
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Fig. 5. Relationship between food conversion ratio (o o) , gross 
growth efficiency (• •) and dietary protein in two 
size groups of L. rohlta (A,4.0-5.5 cm; B,11.0-14.0 cm). 
< 
(X 
>-
u 
z 
— 
u 
u. 
u. 
z 
u 
t— 
o 
a 
a 
1 5 
1.3 
1.1 
2.0 
1.S 
1.0 
-
-
• \ ^ 
1 
• 
^ s « 
1 
•x,^  
• 
1 
\ . • 
N. • 
- 1 
• 
1 
A 
• 
B 
20 25 30 35 40 
DIETARY PROTEIN LEVEL (V,) 
45 
Fig. 6. Relationship between protein efficiency ratio and dietary 
protein in two size groups of L.. rohita (A,4.0-5.5^cm', 
11.0-14.0 cm). 
CHAPTER 2 
DIETARY PROTEIN REQUIREMENT OF THE INDIAN MAJOR CARP, 
CIRRHINUS MRIGALA HAMILTON 
INTRODUCTION 
Information on protein requirement of the Indian major carp, Cirrhinus 
mrigala, based on t r ia ls with purified reference diets under controlled 
conditions is also lacking. In th is chapter, the growth response 
of two size groups of the above species fed varying levels of dietary 
protein has been examined in order to quantify their optimum gross 
protein requirement. £ . mrigala is a fast growing fish species which 
is cultured in the Indian sub-continent with other indigenous and 
exotic species of carps. The fish is reported to grow to over 1 
kg in a year under culture conditions (Jhingran and Pullin, 1988). 
MATERIALS AND METHODS 
Preparation of experimental d ie t s 
Purified, almost iso-caloric, test diets with crude protein level 
ranging from 15 - 45% were formulated using casein and gelatin as 
protein sources (Table I ) . The diets were supplemented with 
crystalline amino acids to simulate the amino acid profile of whole 
37 
egg protein (DeLong et^  ^ . , 1958). Since metabolizable energy values 
of nutrients for C. mrigala are also not available, the energy density 
in experimental diets was calculated on the basis of standard 
physiological fuel values used earl ier for L,. rohita. The protein 
to energy ratio in the test diets ranged from 41 to 123 mg protein/ 
kcal . 
The composition of the vitamin and mineral premixes used have been 
given under General Methodology section. Diets were prepared 
according to the method described earl ier (see pages 12-14) and fed 
in the form of crumbles (ASTM-18/30). The finished feed contained 
about 7 per cent moisture. 
Feeding trial 
Fingerlings of C. mrigala belonging to size group 3.5-4.5 and 6,0-
7.5 cm (total length) were sorted out from the acclimatized fish lots 
maintained in the wet laboratory on H-440 purified diet . Fish were 
stocked in replicate groups in circular troughs The stocking density 
for the smaller and larger fish groups were 35 and 33 fish per 
trough, respectively. Fish were fed diet crumbles six days a week 
at the rate of 3% of the body weight (dry-wet weight bas is ) . The 
food was divided into two equal portions and offered to the fish 
at 0800 and 1600 h each day. 
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The average water temperature and dissolved oxygen over the 6-week 
feeding t r ia l , based on daily measurements, were 26 ± 2°C and 
6.5 ± 2 ppm, respectively. 
RESULTS AND DISCUSSION 
Results of the growth t r ia l conducted on fingerlings of two different 
size groups of £ . mrigala have been depicted in Tables II - III. 
The gain in l ive weight per cent over the period of feeding tr ial 
increased significantly (P < 0.01) in both the size groups (Fig. 1-
2) . The values of calculated weight gains on each diet , worked 
out through regression equation, were found comparable with the 
actual weight gains. 
The smaller fingerlings recorded a gain in average l ive weight up 
to the 40% dietary protein incorporation, a significant (P < 0.05) 
fall in live weight was noticeable beyond this level. Average weight 
gain at 40% level of dietary protein was highly significant 
(P < 0.01). In terms of percentage as well, the fish fed the 40% 
crude protein diet showed a maximum (73%) gain iTi l ive weight 
(Fig. 3A), corresponding to a specific growth rate of 1.31% (Fig. 4A), 
over the period of growth t r ia l . The best food conversion ratio 
(1 .8 :1 , d r y - w e t weight basis) and gross growth efficiency (0.54) 
were also recorded at the above level of dietary protein (Fig. 5A). 
Protein efficiency ratio (PER) fell almost linearly with increasing 
dietary protein level (Fig. 6A), being 1.35 at 40% protein diet . 
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Fingerlings belonging to the larger size group, on the other hand, 
registered the maximum (87%) gain In live weight at 35% dietary 
protein level (Fig. 3B) beyond which a distinct fall was evident. 
The specific growth rate (1.50%), food conversion ratio (1 .7 :1 , dry-
wet weight bas is ) , and gross growth efficiency (0.59) were optimum 
at 35% dietary protein level (Fig. 4-5B). PER showed the same 
pattern of linear fall with increasing dietary protein (Fig. 6B) as 
noted for the smaller fingerlings. At 35% dietary protein incorporation 
the PER was found to be 1.7. 
Incorporation of adequate protein in fish diet, considered a key 
point to optimum production, necessitates a thorough understanding 
of dietary protein requirement of the species concerned. 
Growth of fingerlings of £ . mrigala varied significantly with protein 
levels in the diet . Optimum gross protein requirement of the fish 
indicated a higher requirement for the fingerlings of smaller size 
group compared to that of the larger size group, being 40% for the 
former and 35% for the lat ter . This difference in the protein 
requirement values further strengthrais the fact that in fish the 
protein requirement Is size-dependent. Several earl ier studies with 
fry, flngerllng and yearling indicate that the level of protein required 
as per cent of diet Is higher In initial feeding fry, decreasing 
with increase In size (Ogino and Saito; 1970; Nose and Aral, 1972; 
and Satia,, 1974). Although no report seems to be available on the 
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protein requirement of £ . mrlgala, using purified reference diet which 
is known to be almost digestible, Swami et^ £l_. (1988) quoted the 
protein requirement values for the fingerlings (3.64-5.05 g) of th is 
species fed fish meal based formulated diets to be 40% at 29-30.5°C. 
This value appears to be higher than the value (35%) observed during 
the present study. A s t i l l higher value (45%) of dietary protein 
requirement has been reported for the fry of this fish at 30°C (DARE, 
1984). 
Growth depressing effect of feeding fish with levels of protein higher 
than the requirement noted by the present author for C. mrigala 
fingerlings was also evident in several other fish species, including 
the Indian major carps (Jayaram, 1978; Sen et^  al^., 1978; 
Renukaradhya and Varghese, 1986; Singh and Bhanot, 1988; and Khan 
and Jafri , 1991). Similar effect observed for the major carp, 
L.rohita, as well was ascribed to the extra energy expenditure 
towards deamination and excretion of excessive amount of amino acids. 
It seems that in C. mrigala up to 40% and 35% dietary protein levels 
in smaller and larger fingerlings, respectively, the energy contributed 
through non-protein sources meets the normal maintenance demand, 
sparing the available protein energy for growth purposes. Beyond 
these levels, the non-protein source of energy in the diet does not 
appear to keep pace with the energy demand of the fish for proper 
protein utilization. Although sufficiently high (367 kcal/100 g diet) 
energy was incorporated in the test d ie ts , best growth was obtained 
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only at 40% protein level, containing 44% calories as protein, in case 
of smaller, and 35% protein, containing 38% calories as protein, in 
case of larger fingerlings. It has been pointed out (Halver, 1976> 
and Wilson and Halver, 1986) that efficient protein utilization for 
optimum growth necessitates inclusion of other energy sources such 
as fat and carbohydrate in fish diet in balanced proportions. 
Inclusion of sources of such nutrients i s , therefore, considered 
important, particularly for young fish, where more protein should 
be spared for growth purposes. 
The efficiency of protein utilization in C. mrigala fingerlings was 
also found to decrease linearly with the increasing dietary protein 
level . Similar observations were evident in 1.. rohita (chapter i ) , 
carp (Oglno and Saito, 1970), tllapia (Mazid £t a l . , 1979; and 
Jauncey, 1982 ) , snakehead (Wee and Tacon, 1982), and catfish (Khan 
and Jafri, 1990). 
The present study thus indcates that in £ . mrigala, to achieve 
optimum growth, dietary formulations for flngerling should be based 
on highly digestible crude protein incorporation in the range of 
35-40% depending on the size of the fish. 
SUMMARY 
Growth of C. mrigala fingerlings fed varying protein levels have been 
reported. The study indicates that the growth of fish is markedly 
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affected with levels of protein in the diet . Best growth were 
obtained at 40% for smaller (3.5-4.5 cm) and 35% dietary protein level 
for larger (6.0-7.5 cm) fingerllngs. Incorporation of protein in the 
diet higher than the above levels depressed fish growth. Within 
the size groups investigated, the pattern of growth and the conversion 
efficiencies did not differ substantially. The significance of observed 
changes in growth pattern has been discussed. The information may 
be useful in formulating practical diets for the culture of this species 
on intensive scale. 
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CHAPTER 3 
DIETARY PROTEIN REQUIREMENT OF THE INDIAN MAJOR CARP, 
CATLA CATLA HAMILTON* 
INTRODUCTION 
As mentioned earl ier , an important pre-requlsi te to successful fish 
culture i s the knowledge of the nutritional needs of the species 
concerned, leading to the development of economical feed mixtures. 
The present account deals with the gross protein requirement in two 
size classes of the Indian major carp, Catla catla, assessed through 
dose-response data using purified diets with variable protein levels . 
This fish i s another prime cultivable carp species used in India as 
a component of polyculture system with other indigenous and exotic 
carp species. A robust and high priced fish £ . catla grows to over 
3 kg in a year under culture conditions (Jhingran and Pullin, 1988). 
MATERIALS AND METHODS 
Preparation of experimental diets 
For testing the protein requirement of C. catla, five different casein-
gelatin based test d i e t s , 98% digestible in this species (Annonymous, 
1989), were formulated within a range of 25-45% crude protein. Diets 
were made almost Iso-caloric by adjusting the dextrin and 
(X-cellulose contents. The ingredient composition of test diets used 
* 
1- M E i ' T r o p . 6 ( 1 9 9 1 ) : In p r e s s 
43 
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has been shown in Table I . Gross energy In the test diets was 
computed on the basis of the estimated energy value of dietary 
components on ball ist ic bomb calorimeter, while digestible energy 
was calculated on the basis of physiological fuel values 4 .5 , 8.5 and 
3 kcal/g for protein, fat and dextrin, respectively. The protein 
to energy rdTtlos in the experimental diets ranged from 80-149 mg 
protein/kcal. 
Details of the vitamin and mineral premixes used have been given 
elsewhere (pages 25-26).Diets in the form of crumbles (500 micron/ASTM-
18 screen) were prepared using the procedure described under General 
Methodology section. The crumbles contained approximately 7 per 
cent moisture. 
Feeding trial 
C. catla of desired size classes (2.4-2.9 and 7.6-9.6 cm, total 
length) were sorted out from the acclimatized fish lots, maintained 
on H-440 purified diet, and stocked in replicate groups in circular 
troughs. The stocking density was 150 for fry and 18 per trough 
for flngerlings. Fry and fingerlings were fed test diet crumbles at 
the rate of 5.5% and 3.5% of the body weight (as fed — wet bas is) , 
respectively. The feed was divided into two equal portions and 
offered to the fish at 0800 and 1600 h each day, except on the days 
when weekly weight gains were measured. Other details of the 
feeding trial were the same as mentioned elsewhere (see page 16 ) . 
45 
The average water temperature and dissolved oxygen over the 6-week 
feeding t r ia l , based on dally measurements, were 24 ± l^C 
and 6.9 ± 2 ppm, respectively. 
RESULTS AND DISCUSSION 
Results pertaining to the gross protein requirement in two different 
size classes of the carp, £ . catla, have been summarized in 
Tables II - III . In both the size classes, the percentage increase 
in l ive weight for the test diets used increased linearly on their 
initial weights over the period of feeding tr ial (Fig. 1-2) and the 
changes were found significant (P < 0.01). The weekly growth of 
the fish in the two size classes on each diets , obtained as average 
of replicate treatments, when fitted to the equation of linear function, 
produced a distinct linear relationship. 
The fish of the size 2.4-2.9 cm registered a gain in average live 
weight up to 40% dietary protein incorporation beyond which a distinct 
decline was evident. The average weight gain at 40% dietary protein 
was highly significant (P < 0.01) followed by 45% and 35% dietary 
protein levels (P < 0.01). Weight gains at 30% and 25% crude protein 
levels were statistically insignificant (P > 0 . 0 5 ) . 
In terms of percentage, the fish fed 40% dietary protein level showed 
the maximum (144%) gain in live weight (Fig. 3A), corresponding to 
specific growth rate of 2.17% (Fig. 4A) over the period of feeding 
46 
t r i a l . The best food conversion ratio ( 2 . 1 : 1 , dry-wet weight basis) 
and gross growth efficiency (0.47) were obtainable at the above 
dietary protein level (Fig. 5A). The protein efficiency ratio was 
found to increase progressively up to 40% dietary protein incorporation 
but declined thereafter (Fig. 6A). PER at 40% crude protein level 
was found to be 1.18. 
£ . catla finger lings belonging to the size 7.6-9.6 cm, on the other 
hand, recorded the maximum (61%) growth in terms of l ive weight 
gain at 35% dietary protein level (Fig. 3B). The average weight gain 
at 35% protein level was significantly higher (P < 0.02), followed 
by 30% and 40% protein diets (P < 0.02). Fish fed the 25% and 45% 
dietary formulations produced insignificant (P>0 .05 ) weight gains. 
The specific growth rate at 35% dietary protein level was found to 
be 1.14% (Fig. 4B). The food conversion ratio and the gross growth 
efficiency achieved a maximum of 2.58:1 (dry-wet weight basis) and 
0.39, respect ively , at 35% protein level diet (Fig. 5B). The pattern 
of changes in PER was similar to that observed for the fish of small 
size class. The maximum value for PER noted at 35% dietary protein 
incorporation was 1.18 (Fig. 6B). 
Dietary protein is required as one of the basic building blocks of 
al l animals and is used for maintenance and growth. Besides, i t i s 
catabollzed as an energy source. The requirement of fish for dietary 
protein varies with species. Milllkln (1982^) has summarized the 
47 
quantitative dietary protein requirements for several fish species. 
The requirements for young fishes have also been documented 
(NAS-NRC, 1983). Wilson (1985) has given useful information on amino 
acid and protein requlremaite of fish. An exhaustive review on the 
subject has recently been made by Wilson and Halver (1986), who 
emphasized that dietary protein requirement of fish is influenced by 
protein to energy balance, the amino acid composition and digestibil i ty 
of the protein and the amount of non-protein sources in the diet . 
The optimal level of protein for best growth ra te and food conversion 
efficiency, l ike that of other nutrients, also depends on factors such 
as environmental conditions, fish age and/or size and genetic factors. 
The gross protein requirement of £ . catla, as estimated from the dose-
response curve, also indicated a higher (40% crude protein) 
requirement for the fish of smaller size class compared to the 
requirement (35% crude protein) for fish belonging to the larger size 
class . This clearly points to the fact that , as in the other carp 
species, the protein requirement of C. catla also appears to be size 
dependent. The fact that the protein requirement of the fish 
decreases with increasing size and age has been observed for several 
other warmwater fish species (NAS-NRC, 1983; Page and Andrews, 
1973; and Balarin and Haller, 1982). 
The growth depressing effect of feeding fish with levels of protein 
higher than the requirement was also evident during the present 
study on C. catla and the observations can likewise be linked to 
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a possible reduction In dietary energy available for normal growth 
due to extra energy expenditure towards deamlnatlon and excretion 
of excessive amounts of amino acids. As mentioned ear l ier , utilization 
of protein by fish may also be Influenced, to an extent, by caloric 
content of the diet . In the growth t r ia l conducted during the present 
investigation on c. catla, although sufficiently high dietary digestible 
energy (Table I) was incorporated in the diets for efficient protein 
utilization, best growth was manifested only at 40% dietary protein 
level, containing 59% calories as protein, in the case of smaller fish, 
and 35% protein diet, containing 51% calories as protein, in the 
case of larger fish. Enhancement of protein calories in the diet 
beyond the optimum requirement at the cost of calories from 
non-protein sources resulted in depressed growth. This again 
emphasizes that contribution of calories from non-protein sources in 
the diet v is -a-vis protein source i s an important aspect in enhancing 
the dietary performance. 
The value (30%) quoted by Renukaradhya and Varghese (1986) for the 
optimum dietary protein requirement of the fingerlings of C. catla, 
stocked with Labeo rohita in cement cistern and fed synthetic diet, 
was found to be lower compared to the requirements (35% and 40%) 
quantified for this species during the present study. Singh and Bhanot 
(1988), however, recorded a higher (47%) dietary protein requirement 
for th is species fed casein-gelatin based test diets with varying 
protein and energy levels. 
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The values computed for the conversion efficiencies of C. catla of 
two size classes reflected the best utilization of diet at the 
requirement level with a decline on either side of the optimum. 
Protein efficiency ratios increased progressively up to 40% and 35% 
crude protein fed to smaller and larger size classes of the fish, 
respectively. The significant fall in PER beyond the optimum protein 
requiremait level in C^ . catla noted during the present study seemed 
in conformity to the PER response pattern reported for 
plaice (Cowey et^  al_., 1972), grouper (Teng ^t^ ^ . , 1978) and 
snakehead (Wee and Tacon, 1982) but was contrary to the pattern 
noted by the present author for two other species of Indian major 
carps, viz . I., rohita and C. mrigala, where PER was found to be 
the highest at the lowest dietary protein level tested and fell almost 
linearly as dietary protein level increased. The pattern of changes 
in PER with dietary protein thus appeared species specific. 
SUMMARY 
Two size classes (2.4-2.9 and 7.6-9.6 cm) of C. catla were fed a 
series of almost Iso-caloric (3.07 kcal/g) purified diets of varying 
protein level (25, 30, 35, 40 and 45%). Weight gain for both size 
classes was linear. Dose-response curves indicated a requirement 
for 40% protein in small size class and 35% protein in the large. 
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Fig. 3. Relationship between average gain 
weight {%) and dietary protein in 
fingerling of C. catla (A, 2.4-2.9 cm; 
B, 7.6-9.6 cm). 
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Fig. 4. Relat ionship between average speci f ic growth 
r a t e (%) and d i e t a r y protein in fry and 
fingerling of C. cat la (A, 2 .4 -2 .9 cm; 
B, 7 .6 -9 .6 cm) . 
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Fig. 5. Relationship be'tween food conversion ratio 
(o o) , gross growth efficiency (• •) 
and dietary protein in fry and fingerling of 
C. catla (A, 2.4-2.9 cm; B, 7.6-9.6 cm). 
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Fig, 6. Relationship between protein efficiency ratio 
and dietary protein in fry and fingerling of 
C. catla (A, 2.4-2.9 cm; B, 7.6-9.6 cm). 
CHAPTER 4 
ON THE DIETARY PROTEIN REQUIREMENT OF THE CATFISH, 
CLARIAS BATRACHUS LINNAEUS 
INTRODUCTION 
Information on the basic nutritional requirements and feeding of 
catfishes, which form a major group of commercially important fish 
species after carps, is needed in view of recent emphasis on catfish 
culture in the country (Tripathi and Das, 1976; and Dehadrai and 
Thakur, 1980). The major nutritional needs of a number of fishes 
of aquaculture importance have been enlisted and reviewed by several 
workers (NAS-NRC, 1981, 1983; and Cowey, 1988). It has earlier been 
pointed out that the requirement level of protein for various body 
functions varies with species and culture environment. However, like 
other cultivable Indian finfish species, the nutrition of catfishes has 
received l i t t le attention in the past . 
Protein, being the principal dietary component for growth, has 
received greater attention in nutritional studies ( Wilson and Halver, 
1986; and Wilson, 1989). Knowledge of protein requirement of the 
species to be cultured is pre-requisi te to the formulation of a well-
balanced, cost-effective artificial diet for feeding. The protein 
requirement of the catfish, £ , batrachus, worked out through dose-
response data using iso-caloric test diets with varying levels of 
protein, is reported in this chapter. The only information available 
*JL Aqua. T r o p . 5 (1990) : 189-196. 
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on the protein requlremoit of this species i s from the work of 
Chuapoehuk (1987). This fish is an important species cultured in 
India singly or as a component of polyculture system with other fish 
species. It accepts artificial feeds readi ly . A production level of 
7,000 kg/ha in 5 months has been achieved for the monoculture of 
th is species. 
MATERIALS AND METHODS 
Preparation of experimoital diets 
Purified diets containing varying levels of crude protein (20-45%), 
using casein-gelatin as the sole protein source, were formulated (Table 
I ) . Diets were not supplemented with crystalline amino acids because 
of their poor utilization reflected through a preliminary study 
conducted earl ier on C. batrachus at this laboratory. The amino acid 
profile of the diet was that of the casein-gelatin pattern. The 
vitamin and mineral premixes used have been listed on pages 25-26. 
Diets were prepared with the method outlined under General 
Methodology section (pages 12-14).Diets were made nearly iso-caloric 
by adjusting the dextrin and Cf-cellulose content. Gross and 
digestible energy in the test diets were assessed in the same way 
as in the diets used for C. catla. Protein to energy ratios in the 
experimental diets ranged from 64-149 mg protein/kcal . 
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Feeding trial 
Young fish of 0* y e a r - c l a s s (12.98 ± 0.61 cm, total length) were 
procured from a previously acclimatized fish lot maintained on H-440 
purified diet in the wet laboratory. Eight fish per trough were 
stocked in replicate groups. Fish were fed test diets in the form 
of soft cake at the rate of 4% body weight (dry-wet weight basis) 
at 1700 h , except on days when weekly measurements were made. 
The feeding level and schedule were fixed after carefully watching 
the dietary intake and feeding behaviour of the fish. Details of the 
feeding trial have been dealt with in General Methodology section. 
The average water temperature and dissolved oxygen over the 6-week 
feeding t r ia l , based on daily measurements, were 27 ± 1°C and 
6.4 ± 2 ppm, respectively. 
RESULTS AND DISCUSSION 
Results of feeding t r ia l conducted on the catfish, C. batrachus, fed 
varying levels of dietary protein have been given in Table II . 
Growth of fish with all the test diets was found to increase linearly 
on their initial weights (Fig. 1) and the changes were significant 
(P <Z 0-01) • Values of calculated weight gains on each diet, worked 
out through regression equation, were found comparable with the actual 
weight gains producing a distinct linear than quadratic relationship. 
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Live weight gain per cent increased progressively up to 40% dietary 
protein incorporation, beyond this a significant (P < 0.05) fall in 
growth was observed. The lowest gain was recorded at 20% followed 
by 25%, 30%, 35% and 45% dietary protein levels . A maximum of 139% 
growth in live weight was evident at the optimum (40%) crude protein 
level ((Fig. 2) . . This correlated with a significant increase in 
specific growth rate up to the requirement (40%) level (Fig. 3) above 
which there was a significant (P < 0.05) fall in the specific growth 
ra te . The best food conversion ratio (1.62:1 dry-wet weight basis) 
and the gross growth efficiency (0.62) were also obtained at the above 
level of the dietary protein inclusion (Fig. 4) . Protein efficiency 
ratios decreased linearly with increasing dietary protein intake, the 
value at 40% protein level being 1.54 (Fig. 5) . 
Dietary protein intake i s related to nutritional status and growth of 
f ish. Efficient utilization of protein, however, depends on the 
availabili ty of other dietary nutrients l ike carbohydrates and fats 
in appropriate quantities (Wilson and Halver, 1986). Inadequate 
protein in diet results in loss of weight. Lack of essential amino 
acids or i t s improper balance in diet often becomes a limiting factor 
for normal fish growth. When excess amino acids are supplied in 
diet, only part of i t is used for protein synthesis, the remainder 
i s converted into energy. 
The analysis of data obtained on the protein requirement of 
C. batrachus revealed optimum growth in terms of l ive weight gain 
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at 40% crude protein level, containing 63.7% calories as protein, 
corresponding to a protein: energy ratio of 100 mg protein/kcal. 
Growth rate was proportional to dietary protein intake up to the 
required protein level but declined with further increment in dietary 
protein. Presumably, up to the required level of dietary protein 
incorporation, the energy contributed through non-protein sources meets 
the normal maintenance demand of fish, and the available protein 
energy is spared for growth purposes. The observed depressed 
growth beyond the optimum protein level, despite higher protein 
calorie intake, indicates that non-protein energy sources at this level 
were insufficient for growth purpose. The extra energy expenditure 
towards deamination and excretion of excessive amount of amino acids 
could be another important growth depressing factor. Lovell (1976) 
has noted that in channel catfish weight gain in fish fed high (42%) 
protein diet with insufficient non-protein energy was lower compared 
to those fed a low (36%) protein diet with the same low level of 
energy. Garling and Wilson (1976) have also stated that utilization 
of protein by fish may be influenced, to an extent, by calorie content 
of the diet , and growth is accomplished only if the ration contains 
sufficient energy in proper rat io . This emphasizes that contribution 
of calories from non-protein sources in diet v i s -a -v is protein is an 
important aspect in enhancing dietary performance by sparing protein 
calories for anabolic purposes. The pattern of growth observed in 
C. batrachus at different levels of protein fed was similar to those 
reported for eel (Nose and Aral, 1972), plaice (Cowey et a l . , 1972), 
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grass carp (Dabrowski, 1977), grouper (Teng et^ a l . , 1978), milkfish 
(Lim jet a l . , 1979), pufferfish (Kanazawa at^  £l_., 1980), and the Indian 
major carps (see chapters 1-3) but was different from those of common 
carp (Ogino and Saito, 1970), gilthead bream (Sabaut and Luquet, 
1973) and rainbow trout (Satia, 1974), where no decrement in growth 
rate occurred as a result of Increased dietary protein intake. 
The values for specific growth rate, food conversion ratio and gross 
growth efficiency reflected the best utilization of the diet at the 
requirement level with a decline on ei ther side of the optimum. 
Although the diets used for the present study contained sufficient 
energy (400 kcal/100 g dry diet) for efficient protein utilization, the 
efficiency with which this catfish was able to utilize protein, as 
computed through protein efficiency rat io, declined linearly with 
increasing dietary protein level. This pattern of PER was similar 
to that observed for the Indian major carps, L,. rohita and 
£ . mrigala, and in agreement with the findings on other fish species 
(Ogino and Saito, 1970; Sabaut and Luquet, 1973; Mazid et_ aj_,, 1979; 
b Kanazawa et^  al_., 1980; Wee and Tacon, 1982; Jauncey, 1982 ) . The 
observation was, however, contrary to the findings on the major carp, 
C. catla, and some other fishes (Cowey £ i ^ . , 1972; and Teng et a l . , 
1978) where PER increased almost linearly up to requirement level. 
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SUMMARY 
Dietary protein requirement of the catfish, C. batrachus, was 
quantified using casein-gelatin based purified diets . Percentage 
increase in l ive weight of the fish with all the test diets was found 
to increase linearly on their initial weights and the changes were 
significant (P < 0.01). Dose-response curve indicated that 
C. batrachus requires 40% protein in the diet for optimum growth. 
Protein efficiency ratio was inversely proportional to the level of 
dietary protein Incorporation. 
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CHAPTER 5 
PROTEIN AND NUCLEIC ACID CONCENTRATIONS IN THE MUSCLE OF THE 
CATFISH, CLARIAS BATRACHUS.AT DIFFERENT DIETARY PROTEIN LEVELS 
INTRODUCTION 
Protein, the most important nutrient for growth, constitutes the bulk 
of the diet and is usually the most expensive component in artificial 
fish feeds. The ultimate aim of artificial feeding in fish farming 
is to achieve maximum protein deposition with minimum input on feeds 
and with minimum cost. The quality and quantity of dietary protein 
strongly influence growth rate in fishes (Mertz, 1972; Love, 1980; 
Wilson, 1985; and Wilson and Halver, 1986) and thus protein 
deposition. In fish, as in other animals, the body proteins are in 
a continual state of turnover, being broken down and resynthesized 
in varying degrees. Synthesis is under genetic control requiring amino 
acids, particularly essential ones, as raw materials. 
It has also been established that protein synthesis is accompanied 
by an increase in RNA and decrease in DNA concentrations. Bulow 
(1987) has exhaustively reviewed the relationship between nucleic 
acid and growth rate of fish. The amount of DNA in each cell 
nucleus is fixed (Love, 1980) and, therefore, it i s considered as an 
index of cell numbers contributing to unit weight of tissue while the 
concentration of RNA In a cell is related to metabolic functions of 
a tissue (Leslie, 1955; and Bulow, 1970). The RNAtDNA ratio. 
Asian F i s h e r i e s S c i e n c e 4 (1991) : In press . 
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therefore, indicates the activity of protein synthesis and could be 
a more sensitive tool for investigating the effectiveness of different 
diets in promoting growth compared to conventional growth-assessing 
parameters. In recent years , considerable interest has been shown 
in the study of RNArDNA ratio in fish as a tool for the measurement 
of growth and/or protein synthesis (Bulow et_ a]_., 1981; Fauconneau, 
1985; and Lied and Rosenlund, 1984). In the present study, protein 
and nucleic acid concentrations were measured in the muscle of the 
cat f ish , C. batrachus Linnaeus, fed variable dietary protein levels to 
investigate the use of RNArDNA ratio as a growth assessing parameter. 
MATERIALS AND METHODS 
Estimation of muscle protein and nucleic acids 
Fish fed different protein level diets were decapitated and replicate 
samples of white skeletal muscle removed from the epaxial portion 
in the region of the trunk below the place of origin of dorsal fin, 
approximately 12 hours after the last feeding. The samples were 
immediately transferred to a freezer (-20°C) and stored for 1-2 h. 
Dried fat-free sample in powdered form was used for estimating the 
protein and nucleic acid concentrations. Details of the techniques 
used for the preparation of sample and estimations have been given 
under General Methodology section (see pages 18-19, 21-23). 
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Composition and preparation of experimental diets 
Six different purified test diets within a crude protein range 20-45% 
were formulated using casein and gelatin as protein sources 
(Table 1 ) . A preliminary study conducted at this laboratory reflected 
poor utilization of crystalline amino acids in £ . batrachus. Therefore, 
diets were not supplemented with crystalline amino acids . The amino 
acid profile of the diet was that of the casein-gelatin pattern. Diets 
were made iso-caloric by adjusting the dextrin and 0^-cellulose contents. 
Protein to energy ratios in the experimental diets ranged from 64 to 
149 mg/kcal. Gross and digestible energy in the test diets were 
calculated as for the protein requirement study on this fish (see 
chapter 4 ) . The vitamin and mineral premixes used have been listed 
on pages 25-26. Methods of the preparation of diet has been given 
elsewhere (see pages 12-14). Diets in the form of soft cake were stored 
in sealed polythene bags at -20°C until used. 
Feeding trial 
Young fish (13.0±0.6 cm, total length) were taken from a previously 
acclimatized fish stock maintained on H-440 purified diet In the wet 
laboratory. Feeding t r ia ls which lasted for six weeks were conducted 
in polyvinyl circular troughs. Eight fish per trough were stocked 
in replicate groups. Fish were fed the diet at the rate of 4% of 
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the body weight (dry-wet weight basis) at 1700 hours, except on 
days of weekly measuremaits. Other details of the feeding t r ia l have 
been given under General Methodology section. 
The average water temperature and dissolved oxygen over the 
experimental period were 27±1°C and 6.4±2.0, respectively. 
RESULTS AND DISCUSSION 
Effects on protein and nucleic acid concentrations in white muscle of 
C. batrachus of iso-caloric diets with different protein levels are 
depicted in Fig. 1 - 3 . A positive clear relationship between the 
amount of dietary protein level fed and the muscle protein content 
was evident up to 35% dietary protein incorporation. The muscle 
protein content increased from 63.66 to 70.45 mg/100 mg tissue. 
The concentrations of RNA (F ig . l ) , which increased linearly from 
631.74 to 1538.87 jug/lOO mg tissue, followed the same pattern of 
variation. The increase in RNA concentration appears to be the result 
of more efficient utilization of dietary protein up to 35% crude protein 
intake, leading subsequently to increased protein synthesis. A fall 
in muscle protein and RNA concentration beyond 35% dietary protein 
intake strengthens the already established fact that there are limits 
to the amount of protein that a fish can convert to i t s body material 
(Love, 1980). Increase in the level of RNA i s necessary for active 
protein synthesis, mainly responsible for fish growth (Bulow, 1970). 
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The present findings were in agreement with the work of Mustafa and 
Jafri (1977) on growth and feeding in relation to protein and RNA 
content in Channa punctatus, emphasizing the role of RNA as chief 
organizer of protein biosynthesis. The published information points 
to a close relationsip between the protein intake and RNA levels of 
tissue (Brachet, 1955; Leslie, 1955; Bulow, 1970, 1971; Mustafa, 1977; 
Buckley, 1979, 1980; and Mustafa and Mittal, 1982). The observed 
decrease in RNA concentration and the amount of muscle protein in 
C. batrachus beyond 35% dietary protein level may be attributed to 
the lack of sufficient non-protein energy sources in the diet . The 
extent of growth increase, measured in terms of specific growth rate 
of the fish, declined beyond the 35% dietary protein level (Fig. 2) . 
The extra energy expenditure towards deamination and excretion of 
* 
excessive amounts of amino acids could be another important factor 
to suppress the muscle protein gain. Any factor that prevents or 
slows growth i s known to be reflected by reduced RNA concentration 
(Buckley, 1979, 1982, 1984; and Martin et^  ^ . , 1985). 
DNA concentration in white muscle was found to decline 
from 454.32 )Jg/100 mg in fish fed 20% protein diet to 
267.31 ;ig/100 mg in those fed 35% crude protein diet (Fig. 1) . The 
quantity of DNA, however, increased on further increment of dietary 
protein intake. Since DNA carries the genetic material in each cell 
and i s present in the nucleus in fixed quantities (Love, 1980), it 
i s considered an index of cell numbers contributing to unit iveight 
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of t issue. In fish losing weight, the size of cells decreases and 
thus number of cells contributing to unit weight of tissue increases, 
enhancing the number of nuclei and contributing to increased DNA 
content. In a weight gaining fish, on the other hand, the DNA content 
becomes diluted with larger volume of cells per unit weight. 
In catfish, Heteropneustes fossilis, 7-21 cm long, growth was reported 
to proceed by increase in size rather than number of the white muscle 
fibres (Mustafa, 1978). Lied and Rosenlund (1984), who observed 
slightly higher average values of DNA in muscle of Atlantic cod 
(Gadus morhua) fed lower levels of protein, ascribed the change to 
difference in cell diameter due to reduced synthesis of myofibrillar 
protein. 
These inferences can further be strengthened from the fact that in 
slow-growing fish like the small shark, Etmopterus spinax, bluntnose 
minnow, longnose dace and bully which grow to a small size and do 
not exceed 50 cm, growth in muscle results mainly from increase in 
fibre diameter. This i s in contrast to fish l ike eels, cod and 
rainbow trout which have faster growth and larger maximum size, 
where increase both in number and diameter of muscle fibres occur. 
Even in such fish, the recruitment of new fibres is reported to cease 
after attaining a particular size, and somatic growth is continued by 
fibre diameter increase (Weatherley and Gill, 1987; and 
Weatherley £t a]_., 1988). In C. batrachus, which is a relatively 
slow-growing fish attaining a maximum size of 40-50 cm, growth i s 
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presumably attained mainly by increase in fibre diameter as reflected 
by decreased muscle DNA concentration in fish fed high protein die ts . 
The RNA : DNA ratio is considered a sensitive measure of the growth 
rate of fish (Love, 1980). This concept i s based on the fact that 
since the quantity of RNA varies directly with the activity of protein 
synthesis, i t i s expected to be more concentrated in tissues 
undergoing faster growth or protein synthesis, whereas the amount 
of DNA per cell remains constant within a species. Thus, the ratio 
of RNA to DNA which is indicative of the amount of RNA per cell i s 
usually a more accurate index of protein synthetic activity than RNA 
concentration alone, because the ratio i s not affected by differences 
in cell number. 
Fig. 3 represents the changes in RNA : DNA ratio and muscle protein 
content of £ . batrachus at varying dietary protein levels. The lowest 
(1.39) RNA : DNA ratio at 20% dietary protein indicates lowest protein 
synthesis, as evident from the quantity of tissue protein deposited 
at this level of dietary protein intake. The data indicate that fish 
with high (5.75) RNA : DNA ratio at 35% dietary protein level were 
more actively synthesizing and accumulating protein, resulting in faster 
growth than fish with low RNA : DNA ratio receiving either low or 
very high protein diets . This assumption was strongly supported 
by the maximal value of RNA : protein ratio noted in C. batrachus 
at the above (35%) level of dietary protein. In general, a strong 
correlation ( r = 0.98) was observed between the RNA : DNA ratio 
and RNA : protein ratio of the fish at varying levels of dietary 
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protein. Houlihan et^  ^ . (1989) also observed that the 
RNArprotein ratio in fish tissues responds directly to increasing levels 
of protein ration correlating closely with growth and protein 
synthesis. The RNA:DNA and RNA:protein ratio in fish can thus be 
used as effective indices for monitoring growth and/or protein 
deposition. 
SUMMARY 
Variations in muscle protein and nucleic acid in the catfish, 
C. batrachus, fed iso-caloric diets with varying crude protein 
levels have been reported. A positive clear relationship between 
the amount of dietary protein level fed and the muscle protein 
content was evident up to 35% dietary protein incorporation. Above 
this level of protein in the diet, muscle protein decreased. Similar 
changes were observed in RNA concentration and the RNArDNA ratio. 
The concentration of DNA, on the other hand, declined progressively 
up to 35% dietary crude protein level . The view that RNA:DNA ratio 
can be used as a sensitive tool in monitoring the growth and/or 
protein deposition in fish has been further strengthened. 
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CHAPTER 6 
QUANTITATIVE DIETARY REQUIREMENT OF THE INDIAN MAJOR CARP. 
LABEO ROHITA HAMILTON, FOR SOME INDISPENSABLE AMINO ACIDS 
INTRODUCTION 
The amino acid profi le of diet dictates the biological value of i t s 
protein. Since indispaisable amino acids are not synthesized by 
fish, their intake through diet is considered essential, and the same 
10 indispensable amino acids, as those required by other animals, 
are needed by fish for maintenance and growth. Quantitatively the 
essential amino acid requirements of fish seems a characteristic of 
the species (Wilson and Halver, 1986). There are only a few fish 
species for which all the essential amino acid requirements have 
been determined. Most studies concerning the amino acid requirement 
of fish were confined to species like chinook salmon (Halver et_ a l . , 
1958, 1959, DeLong et_ al^., 1962; Chance et_ al_., 1964; Halver, 1965; 
and Klein and Halver, 1970 ) , coho salmon (Klein and Halver, 1970), 
common carp (Nose, 1979; Dabrowski, 1981; Viola and Arleli, 1989; 
and D'Mello et^  ed., 1990), Japanese eel (Nose, 1979), channel catfish 
(Harding et^  aJ . , 1977; Wilson et a]_., 1977; Wilson £t aj_., 1978; 
Robinson et^  al_., 1980^''^ ; Wilson et_ a}_., 1980 ; and Robinson e^ a l . , 
1981), rainbow trout (Kaushik, 1979; Kim and Kayes, 1982; Walton 
et^  a\_., 1982; Ketola 1983; Poston and Rumsey, 1983; Rumsey et^  al_., 
1983; Kim et ^ . , 1984; Walton et £l_., 1984^'^ ; and Cho and 
Woodward, 1985), lake trout (Hughes et^  al^., 1983), gilthead bream 
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(Luquet and Sabaut, 1974), tilapia (Jackson and Capper, 1982," and 
Santiago, 1985) and sea bass (Thebault et_ aj_., 1985). Interesting 
information on the amino acid nutrition of fish are also contained 
in some of the recently published reviews (Wilson and Halver, 1986; 
Cowey, 1988; and Wilson, 1989). 
Arginine, lysine, methionine and tryptophan are the important 
indispensable amino acids limiting in many of the plant origin 
feedstuffs generally used in fish diets . The requirement for these 
amino acids have been worked out in Chinook. salmon (Halver et a l . . 
1958, 1959; Halver, 1965; and Klein and Halver, 1970), coho salmon 
( Halver, 1965; Klein and Halver, 1970), chum salmon (Akiyama 
a b 
et a l . , 1985 ' ), sockeye salmon (Halver, 1965), common carp (Nose, 
o 
1979), Japanese eel (Nose, 1979; and Dabrowski, 1981), channel 
catfish (Harding et^  £l_., 1977; Wilson et_ al^., 1977; Wilson et^  a}_., 
1978; and Robinson e^ a]_., 1980 ; 1981), rainbow trout (Kaushik, 
1979; Kim and Kayes, 1982; Walton et^  al^., 1982; Ketola, 1983; Kim 
et_ a]_., 1983, 1984; Poston and Rumsey, 1983; Rumsey et^ al_., 1983; 
a b Walton et^  ^ . , 1984 ' ; and Cho and Woodward, 1985), gilthead bream 
(Luquet and Sabaut, 1974), tilapia (Jackson and Capper, 1982; and 
Santiago, 1985) and sea bass (Thebault et^  ^ . , 1985). 
Todate no published information is available on the indispensable 
amino acid requirements of any of the cultivable Indian finflsh 
species. Results concerning the quantitative requirements of 
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fingerling 1.. rohita for four indispensable amino acids viz. 
arginlne lysine, methionine and tryptophan have been reported 
in the present chapter. 
MATERIALS AND METHODS 
Preparation of amino acid test diets 
Diets containing graded levels of indispensable amino acids under 
test were formulated (Tables l - IV). The dietary ranges necessary 
to quantify the requirements of each amino acid were adjusted on 
the basis of information available on other warm water fish species. 
Casein, gelatin and L-amino acid mixtures were included in dietary 
formulations. The amino acid mixtures were prepared taking into 
account the amount of amino acids contributed by the two protein 
sources (casein and gelatin). However, diets lacking in the amino 
acid under test (0-dose) were based only on crystalline amino acids. 
The overall composition of protein in the test diets simulated the 
amino acid profile of the whole hen 's egg protein, and their levels 
fixed to 34% although the gross protein requirement of the above 
species was found to be 30-40% of the dry diet (see chapter 1) . This 
reduction in the protein level of the diets was considered essential 
to ensure the maximum utilization of limiting amino acids as 
suggested by Halver (personal communication). Diets were made 
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nearly iso-caloric and 1 so-nitrogenous by adjusting the dextrin and 
non-essential amino acids excepting those with sparing effects. In diets used 
for testing the methionine requirement, cystine was fixed to 1% of 
the dry diet in view of i t s sparing effect. All the amino acid test 
diets were neutralized according to Dupree and Halver (1970). 
Calculated quantities of amino acids and salt mixture were s t i r red 
mechanically for aboout 30 min in a stainless steel bowl attachment 
of Hobart electric mixer. The content was neutralized and heated 
to 80°C on a double boiler unit. Gelatin was dissolved separately 
in a known amount of water and added to the container. The mixer 
bowl was removed from heating and dextrin added to i t . This was 
followed by the addition of casein and the remaining dietary 
Ingredients, excepting carboxymethyl cellulose which was added in 
the las t . Addition of each dietary ingredient was followed by 
thorough blending. The final diet with bread dough consistency 
was poured into a teflon coated pan and placed into a refrigerator 
to je l l . Cmambles (ASTM-30) of the amino acid test diets were 
prepared upon extrusion through 1 mm die and subsequent drying. 
Feeding trial 
Flngerling L.. rohita (4.1 - 4.9 cm, total length) were acclimatized 
in the wet laboratory on H-440 purified diet for about two weeks. 
These were then stocked in replicate group in circular polyvinyl 
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troughs at the rate of 35 fish per trough. Preliminary observations 
on L. rohita indicated that 0-dose arginine, lysine, methionine and 
tryptophan test diets (all crystalline) were accepted by the fish 
only to the extent of 3% of their body weight. Therefore, for the 
sake of comparision, all fish groups were fed test diets at the total 
rate of 3% of the body weight (dry-wet weight basis) at 0800 and 
1600 h, except on days when weekly measurements were taken. 
The average water temperature and dissolved oxygen over the 8-
week feeding t r ia l , based on daily measurements, were 23 ± 1°C 
and 6.9 ± 1 ppm, respectively. 
RESULTS AND DISCUSSION 
Results on the quantitative dietary requirements of L,. rohita 
fingerling have been summarized in Tables V - VIII. 
A clear relationship between average live weight gain and arginine 
fed was evident up to 1% incorporation level beyond which no change 
in weight gains occurred (Fig. 1) . Average weight gain at the above 
(1%) level of dietary arginine was significant (p < 0.05). Weight 
gains at 0.5% arginine incorporation was statist ically insignificant 
(P > 0 . 1 ) . Fish fed diet devoid of arginine reflected a marked 
loss in live weight. In terms of percentage, the fish fed 1% dietary 
arginine produced the maximum (23%) gain in weight. Specific 
growth rate (0.5%) and food conversion ratio (5 :1 , dry-wet weight 
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basis) and PER (0.52) were optimum at 1% arginine level . The 
break-point obtained over the dose-response curve also indicated 
the dietary arginine requirement as 1% of the diet or 2.94!b of 
protein in diet . 
The average weight of the fish fed lysine-test diets increased 
significantly (P < 0.05) only up to 2% of the dry diet (Fig. 2) . 
Incorporation of higher amount of lysine in diets did not improve 
the gains in fish weight. Also, the antagonistic effect of higher 
amount of lysine was almost inevident. The fish fed diet devoid 
of lysine content registered a marked loss in average weight. 
Weight gains at 0.8 and 1.6% lysine level were found insignificant 
(P > 0 .1) . A maximum (25%) gain in l ive weight, corresponding 
to a specific growth rate of 0.53%, was noticeable in fish fed 2% 
lysine in diet . Food conversion ratio of 4.7 and gross growth 
efficiency of 0.2 were obtained at the above level of dietary lysine. 
The PER was found to Increase with increasing lysine content in the 
diet up to 2% incorporation. Diets containing lysine higher than 
2% were not found to improve the growth parameters. Evaluation 
of break-point over the dose-response curve also indicated the lysine 
requirement of the species as 2% of the dry diet or 5.88% of the 
dietary protein. 
Fish fed methionine-test diets registered gain in average live weight 
up to 1.2% dietary methionine incorporation beyond which no change 
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in live weight gain was noticeable (Fig. 3), The average gain at 
the above (1.2%) level of dietary methionine was found significant 
(P < 0.05). However, weight gains at 0.4 and 0.8% methionine 
levels were stat ist ical ly insignificant (P > 0 .1) . A marked loss 
in average weight was observed with diet lacking in methionine 
content. In terms of percentage as well, the fish fed 1.2% dietary 
methionine level showed almost maximum (25%) gain in l ive weight, 
corresponding to a specific growth rate of 0.54%, over the period 
of feeding t r i a l . The best food conversion ratio (4.6:1) and gross 
growth efficiency (0.22) were obtainable at this dietary methionine 
level . PER was found to increase progressively up to 1.2% dietary 
methionine incorporation. Addition of methionine beyond 1.2% of 
diet was not found to improve the growth parameters. However, 
when gains in l ive weight were plotted as a dose-response curve 
and the break-point obtained, the maximum was indicated at 0.9% 
of the diet or 2.64% of protein. 
With tryptophan-test d ie ts , the fish registered the maximum gain 
in average live weight at 0.2% tryptophan (Fig. 4 ) . Weight gain 
at this level of dietary tryptophan was statist ically significant 
(P < 0.05). Feeding fish with higher amounts of tryptophan did 
not result in improved growth. In terms of perecentage also, 0.2% 
dietary tryptophan produced almost the maximum (24%) weight gain, 
corresponding to a specific growth rate of 0.52%, over the period 
of feeding t r ia l . The best food conversion ratio (4 .9 :1) , gross 
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growth efficiency (0.20) and PER (0.53) were evident at the above 
(0.2%) level of dietary tryptophan. The break-point over the dose-
response curve also indicated the tryptophan requirement of the fish 
as 0.2% of the dry diet or 0.59% of protein. 
With 0-dose test diets of the above amino acids a marked loss in 
fish weight was evident. To establish the essentiality of the amino 
acids tested, at the end of 6 week period, fish fed diets devoid 
of these amino acids were sub-grouped into two se t s . One set was 
continued on diets lacking in the amino acid (0-dose) under test 
and the other fed diets containing the required level of amino acids. 
The former resulted in further depression of fish growth, while 
the latter improvised the growth (Fig. 5-6). Comparision of growth 
responses between the two sub-groups established that arginine, 
lysine, methionine and tryptophan are essential amino acids 
for L,. rohita fingerling. 
The utilization of amino acids depends, in general, upon the levels 
of their intake and balance in diet . Growth of fish is the result 
of intake, in balanced proportion, of the 10 indispensable amino 
acids contained in the dietary protein component (Halver et^ a l . , 
1957, 1959). 
Arginine, lysine, methionine and tryptophan influence fish growth 
considerably. During the present study on L. rohita, diets lacking 
in these essential amino acids resulted in loss of fish weight at 
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the end of the experiment. Although maximum weight gains were 
evident in fish fed 2.94% arginine, 5.88% lysine, 2.64% methionine 
and 0.59% tryptophan in protein, their growth was poor. This may 
be attributed to less efficient utilization of crystalline amino acids 
present in the test d ie ts . Utilization of crystalline amino acids 
in fish is known to vary with species. Initial studies on common 
carp with Halver 's amino acid test diets were unsuccessful. Although 
the yooung carp consumed the test diet, a marked reduction in growth 
rate, corresponding to the relative amount of free amino acids in 
the diets was reported (Aoe et a l . , 1970). 
It has been emphasized that amino acid test diets must be 
neutralized for utilization by channel catfish (Dupree and Halver, 
1970) and common carp (Nose ^ ail^ ., 1974). However, in a preliminary study 
conducted earl ier at this laboratory on L. rohita, neutralization of 
a 
amino acid diet (all crystalline) was not found to improve fish 
growth, although palatability improved to some extent. Similarly, 
in comparison to the casein-gelatin diet, growth rates and 
conversion efficiencies in fish lots fed the crystalline 
amino acid test diets were noted to be poor. Results 
on the utilization of crystalline amino acids 
(neutralized) in L,. rohita seemed comparable to the observations 
of Aoe et^  ^ . (1970) on carp, where feeding the neutralized amino 
acid test diets failed to sustain the growth. Nose ^ ail^ . (1974) 
were, however, able to improve the utilization of such diet 
considerably by feeding the carp to satiation six times a day. 
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In L.. rohita, variations in the frequency of feeding failed to achieve 
any improvement in utilization efficiency. 
Murai et^  £][. (1981) were able to obtain a comparable growth in 
flngerling carp fed gelatin diet , supplemented with essential amino 
acids coated with casein, and a casein-gelatin control diet . In 
comparision to all crystalline amino acid diet , casein-gelatin coated 
diet indicated improved utilization of crystalline amino acid in 
JL. rohita, presumably through increased retention in the gut. A 
corollary to the present finding i s apparent in the work of Murai 
et a l . (1981) who suggested tha t" the amino acid coating by casein 
alters the relat ive absorption rate of certain amino acids in the 
gut. Additional evidence in support of this hypothesis was obtained 
a^  
by Murai et_ al_. (1982 ) who compared the changes in the plasma 
free amino acids after feeding diets containing casein-coated and 
uncoated amino acids. It was suggested that the poor utilization 
of crystalline amino acids by carp could be the result of rapid 
excretion which reduce the utilization of these amino acids for 
growth (Murai let^  al^., 1984). Using various test diets , the above 
workers quantified the nitrogenous excretion via gills and kidney 
after 24 hours of feeding the test d ie t s . They observed that in 
fish fed an all crystalline amino acid test d ie t , 36% of the amino 
acids were excreted into the rearing water compared to 12.8% 
excretion in fish receiving the casein-coated amino acid diet . The 
fish fed casein-gelatin diet, on the other hand, excreted only 1% 
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of total nitrogen into the rearing water. On the contrary, rainbow 
trout was reported to absorb amino acids from a protein or an amino 
acid test diet at a similar speed (Murai et^ £l_., 1987) but no 
explanation for this phenomenon was given. 
Arginine requirement of 1% of the dry diet or 2.94% of the dietary 
protein observed in L^ . rohita was much lower than the requirement 
noted for Chinook salmon (Halver et_ £1^., 1959), coho salmon (Klein 
and Halver, 1970), common carp (Nose, 1979), Japanese eel (Nose, 
1979), channel catfish (Robinson et^  al^., 1981), gilthead bream 
(Luquet and Sabaut, 1974), and ti lapia (Jackson and Capper, 1982). 
However, the requirement of arginine for I., rohita was almost 
comparable to the level reported for the rainbow trout (Kaushik, 
1979). 
Lysine requirement of 2% of the dry diet or 5.88% of the dietary 
protein noted in L,. rohita was higher than the requirement observed 
for chum salmon (Akiyama et^ al^., 1985^), rainbow trout (Kim and 
Kayes, 1982; Walton et^  al_., 1984^) and tilapia (Jackson and Capper, 
1982; Santiago, 1985), but was slightly lower to the values reported 
for common carp (Nose, 1979; Viola and Arieli, 1989) and higher 
to the values reported for the same species by D'Mello et_ a]_. 
(1990). However, the requirement was comparable to the level noted 
for species l ike Chinook salmon (Halver £ i £]. . , 1958), Japanese eel 
(Nose, 1979), channel catfish (Wilson let^  aj_., 1977; Robinson et^  al.., 
a b 1980 ' ), and gilthead bream (Luquet and Sabaut, 1974). 
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Methionine requirement of 0.9% of the dry diet (1% cystine fixed) 
or 2.64% of the dietary protein observed in L,. rohita was much lower 
than the requirement quoted for chinook salmon (Halver at^  a l . . 
1959) and gilthead bream (Luquet and Sabaut, 1974), and slightly 
higher than that of the sea bass (Thebault, et^  a\_., 1985). The 
requirement level was comparable to that of the common carp (Nose, 
1979), channel catfish (Harding et^  £1... 1977), rainbow trout (Walton 
^ ^ . , 1982) and tilapia (Jackson and Capper, 1982; Santiago, 1985). 
Tryptophan requirement of 0.2% of the dry diet or 0.59% of the 
protein In 1.. rohita was much lower than the requirement observed 
for common carp and Japanese eel (Nose, 1979), and slightly lower 
than that of the gilthead bream (Luquet and Sabaut, 1974) and chum 
salmon (Akiyama et^ al^., 1985 ) . The tryptophan requirement level 
in L,. rohita was found similar to that of the chinook salmon, coho 
salmon, and sockeye salmon (Halver, 1965), channel catfish 
(Wilson et a]_., 1978) and rainbow trout (Walton e^ _al^ ., 1984*^). 
Thus, comparision of the selected essential amino acid requirement 
of L,. rohita with that of different species discussed above revealed 
considerable variations, strengthening the fact that dietary essential 
amino acid requirements in fish are species specific. 
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SUMMARY 
Dietary requirements of the indispensable amino acids, most limiting 
in plant origin feedstuffs, were quantified for IL. rohita fingerling 
using purified test d ie ts . The break-point obtained over the dose-
response curves indicated the requirement of arginine, lysine, 
methionine and trytophan as 2.94, 5.88, 2.64 (1% cystine fixed, dry 
diet) and 0.59% of protein, respectively. Incorporation of higher 
amounts of the above amino acids in diets did not improve the gains 
in l ive weight. Fish receiving diets devoid of these amino acids 
(O-dosel showed marked loss in weights. The essentiality of these 
indispensable amino acids were established through recovery test . 
The overall poor growth performance of the amino acid test diets 
was attributed to poor utilization of crystalline amino acids by the 
fish. 
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PART II 
CHAPTER 7 
NUTRITIONAL EFFICACY OF OILCAKES IN DIETS COMPOUNDED FOR INDIAN 
MAJOR CARP FINGERLING. LABEO ROHITA HAMILTON* 
INTRODUCTION 
The use of cost-effective diet formulated on the basis of nutritional 
requirements of the species determines the success of the production 
system in aquaculture. The efficacy of compounded diets has been 
reported for several fish species (Tacon, 1990). The need for 
Initiating diet development programme, using locally available 
ingredients, for carp poly culture in India has been frequently stressed 
(Chow, 1982; Tr ipa th i , 1988). The lack of data on nutrient 
requirements of Indian major carps is one of the major constraints 
in the development of nutritionally balanced diets for these fishes. 
The present study evaluates the nutritional efficacy of locally 
available byproducts of vegetable oil industry (oilcake) in dietary 
formulations for Labeo rohlta fingerling. 
MATERIALS AND METHODS 
Preparation of experimental d iets 
Six different Iso-caloric 34% crude protein diets, with energy to 
protein ratio of 7.63 kcal/g protein, were formulated (Table 1) . The 
Proc,. Nat . Symp. Freshwater Aqua. (1991): 73-77, 
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vitamin and mineral premlxes used were the same as listed ear l ier 
on pages 25-26. Diets were prepared in the form of 
crumbles (ASTM-30) using the method described under General 
Methodology (see pages 14-15).The energy density in experimental diets 
was calculated on the basis of physiological fuel values, 3.5, 8.1 
and 2.5 kcal/g for protein, fat and nitrogen-free extract, 
respect ively. Proximate composition of the diets is given 
in Table II. 
Feeding trial 
Fingerlings of L,. rohita (3.5 - 5.0 cm, total length) were sorted out 
from fish lots acclimatized in the wet laboratory on H-440 purified 
diet . These were stocked in replicate sets in circular troughs. The 
stocking density was 36 fingerlings per trough. Fish were fed six 
days a week, twice daily at 0800 and 1600 h, at the total rate of 
4% body weight. Other details of the feeding t r ia l have been 
maitioned under General Methodology section. Water temperature and 
dissolved oxygen during the 9-week feeding t r ia l were 26 ± 1°C and 
6.7 ± 1 ppm, respectively. 
RESULTS AND DISCUSSION 
As would be evident from the data (Table III), fish fed the soybean 
oilcake contained diet (diet I) reflected the maximum (112%) growth, 
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in terms of l ive weight gain and the specific growth rate (1.19%) 
over the period of feeding tr ial (Fig. 1-2). The best food conversion 
(2 .9 :1 , as fed-wet weight basis) .gross growth efficiency (0.34) and 
protein efficiency ratio (1.01) were also obtainable with the above diet 
(Fig. 3-^ 4) • The lowest (31%) gain, specific growth rate (0.43%) and 
conversion efficiency were recorded with diet containing cottonseed 
oilcake (diet VI). The rocket salad oilcake contained diet (diet III) 
showed relatively better performance compared to mustard oilcake 
diet (diet I I ) . Growth was, however, comparable in fish fed diets 
containing sesame oilcake (diet V) and groundnut oilcake (diet IV). 
Growth of the fish with all diets was found to Increase linearly on 
their initial weights (Fig. 5) and the changes were significant 
(P < 0.01). Test of analysis of variance for the above diets 
indicated significant (F < 0.01) difference in mean weight Increment. 
The usefulness of several artificial feedstuffs of plant and animal 
origin has been well established for the culture of Indian major carps. 
However, the feed used for these fishes generally include combination 
of few conventional feedstuffs such as r ice bran and mustard oilcake, 
mainly for supplemantary feeding. Despite the wide variety of animal 
and plant origin feedstuffs that are cheaply available and could 
possibly be incorporated in fish diet, very few have been 
nutritionally evaluated for the above purpose. 
Best growth observed in L.. rohita fingerling with soybean oilcake 
incorporated diet may be attributed to the fact that th is dietary 
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combination contributes the most appropriate profile of essential amino 
acids . Moreover, the highest (94%) protein digestibil i ty of soybean 
oilcake reported earl ier from this labaoratory (Annonymous, 1987) 
may be another important factor for the enhanced fish growth. The 
sub-optimum levels of methionine and cystine in soybean protein 
(Jauncey and Ross, 1982) seems to have no adverse effect on fish 
growth when used in combination with fish meal. Shiau et^ a\_. (1987) 
have successfully used soybean meal with fish meal in diets for 
t i lapia . On the contrary, soybean meal was totally unacceptable to 
Chinook salmon as a protein supplement (Fowler, 1980; and 
Higgs et^ ^ . , 1979). Growth response of L. rohita with groundnut 
and sesame oilcake contained diets was found almost identical but 
inferior to soybean oilcake incorporated die t . Although sesame oilcake 
i s reportedly a; better source of methionine (Jauncey and Ross, 1982), 
i t s low lysine content coupled with high phytic acid level appeared 
limiting for fish growth. In groundnut oilcake, the level of 
methionine was s t i l l lower to that reported for soybean oi lcake. The 
heat resistant anti-nutritional substances in groundnut may become 
additional growth suppressing factor in contrast to heat labile trypsin 
inhibitor in soybean (Rumsey, 1980). Jackson and Capper (1982) 
observed that groundnut with low levels of aflatoxin was an acceptable 
protein source for Sarotherodon mossambicus at low inclusion levels, 
but growth decreased rapidly as th is level was increased. These 
workers ascribed this to low methionine level, since extremely low 
levels of aflatoxin were unlikely to have affected fish growth during 
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the short t r ia l . Similarly, low growth encountered during the present 
study with mustard oilcake contained diet can be related to 
anti-nutritional factors such as thioglucosides (Hendricks and Bailey, 
1989). Identical factors may be present in rocket salad oilcake which 
belongs to the same family cruciferae. The poorest growth response 
of k' ^^o^ t^a fingerling with cottonseed oilcake contained diet could 
be the result of deficient methionine and cystine contents, and the 
presence of phenolic constituents (gossypol) having inhibitory effect 
on digestive enzymes. Feeding 32% protein diet to tllapia with 
cottonseed meal as the sole protein, Ofojekwu and Ejlke (1984) 
obtained 31% growth, compared to 81% growth with fish meal diet. 
The present study thus indicates that soybean oilcake, which is 
locally available at low cost, can be used as one of the potential 
dietary feedstuffs in developing cost-effective artificial feed for the 
fingerling of I,, rohita and other Indian major carp species. 
SUMMARY 
The efficacy of different oilcakes was tested in dietary formulations 
for fingerling L. rohita . Soybean oilcake contained diet reflected 
the best (112%) growth followed by sesame oilcake and groundnut 
oilcake contained d ie ts . The diet containing the cottonseed oilcake 
gave poor performance in terms of l ive weight gain. The observed 
variations in the growth response of fish fed different oilcakes were 
83 
attributed to the nutrient quality, particularly their essential amino 
acid profile, and to the antl-nutrltional factors contained 
in them. 
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CHAPTER 8 
REPLACEMENT OP FISH MEAL WITH OFFAL MEAL IN FORMULATED 
DIETS FOR THE CARP FINGERLING, LABEO ROHITA HAMILTON 
INTRODUCTION 
Since 60-70% of the operat ional cost in in tens ive aquaculture 
system is on feed, the need to minimize feed cost , 
scanning newer and cheaper sources of feed ingredients , 
has la rge ly been felt (FAQ/UNDP, 1979; and Halver , 1982). 
F ish meal, an important component in most a r t i f i c i a l l y 
compounded fish feeds, because of i t s h igh cost and 
unpred ic tab le a v a i l a b i l i t y , r equ i res search for i t s su i tab le 
s u b s t i t u t e s . Several workers have at tempted to rep lace fish 
meal in d i e t s with o ther feedstuffs (Cho _et^  a]_., 1974; 
Fowler and Banks, 1976; Gropp at^  _al^., 1979; Spinel l i et a l . , 
1979; Fowler, 1980; Viola e^ al^., 1982; Koops et^ aQ., 1982; 
Niamat and J a f r i , 1984 ; Tacon and Jackson, 1985; Conrad et_ a l . , 
1988; and Hossaln and Jauncey, 1989). 
In the present s tudy , replacement of fish meal was 
at tempted with offal meal in d ie t s formulated for the 
fingerling of Indian major c a r p , Labeo r o h i t a . 
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MATERIALS AND METHODS 
Preparation of experimental diets 
Four different nearly Iso-caloric, 40% crude protein diets , with energy 
to protein ratio of 6.47 kcal/g protein, were formulated. The protein 
level in the diets was fixed on the basis of the requirement 
of JL. rohita fingerling (see chapter 1 ) . For the preparation of offal 
meal, goat intestine obtained from local slaughterhouse was cleaned, 
minced and cooked for a short time. It was thai squeezed, dried 
in hot a i r (60°C) oven and finely ground. Fish meal was likewise 
prepared using trash fish. Details of the ingredient and proximte 
composition of experimental diets have been given in Tables I and 
II respectively. Methods for preparation of dietary crumbles (ASTM-
30) and analyses of proximate composition have been described under 
General Methodology section. 
Estimation of body protein 
Fingerlings fed different diets were decapitated approximately 12 hours 
after the last feeding, homogenized, defatted and replicate samples 
analyzed for protein content using the method of Lowry et^ ^ . (1951) 
as detailed on pages 18-19 . 
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Feeding trial 
Fingerllngs (4.7 - 6.0 cm, total length) were acclimatized for about 
a week in the wet laboratory on H-440 diet . For conducting the 
feeding t r ia l s , the fish were stocked in replicate sets at the rate 
of 30 fingerlings each in polyvinyl circular troughs. Diets were fed 
at 4% of the body weight (as fed-wet weight bas is) . The feed was 
divided into two equal portions and offered to the fish twice daily 
at 0800 and 1600 h, except on days when weekly growth was 
measured. Other details of the feeding t r ia l have been given 
elsewhere (page 16 ) . The average water temperature and dissolved 
oxygen over the 6-week feeding t r ia l , based on daily measurements, 
were 27 ± 1°C and 6.4 ± 1 ppm, respectively. 
RESULTS AND DISCUSSION 
Results concerning the replacement of fish meal component with offal 
meal in diets fed to I., rohita fingerling have been summarized in 
Table III. The fish fed diet containing 40% fish meal and 10% offal 
meal (diet I) registered 47% gain in l ive weight over the period of 
feeding t r i a l . The food conversion and protein efficiency ratios with 
this diet were 3.6:1 (as fed-wet weight basis) and 0.68, respectively. 
Replacement of 10% and 20% fish meal with offal meal (diets II and 
III) Indicated no significant ( P > 0 . 0 5 ) change in the pattern of growth 
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and conversion efficiencies. However, further substitution of fish 
meal (diet IV) lowered the growth and conversion efficiencies. The 
dietary performance was also analysed in relation to body protein 
content (Table III.). No distinct change in protein content was 
noticeable in fish fed diets I, II and III. However, dietary 
formulation containing 10% fish meal and 40% offal meal (diet V) 
lowered the body protein content. Test of analysis of variance 
Indicated that mean l ive weight increment for all the experimental 
diets differed significantly ( P < 0.01) over the experimaital period. 
The unique value of feeds of animal origin in upgrading the nutritional 
qualities of diets i s well recognized in monogastric animals (G"ohl, 
1975), and the vast nutritional potential of a number of conventional 
and non-conventional protein sources in practical fish diets have been 
highlighted (Tacon and Jackson, 1985). Fish meal is the most widely 
used feedstuff in dietary formulations. The replacement of fish meal 
with offal meal, prepared exclusively from intestine, has not been 
attempted in any previous study. Results of present study reveal 
that fish meal component in diet formulated for IL. rohita fingerling 
could successfully be replaced with offal meal by 50%, without 
affecting the growth of the fish or body protein content, and that 
animal origin feedstuffs such as offal meal could find use in 
combination with fish meal and other feedstuffs in formulated feeds 
for the Indian major carps . Gropp et^  al_. (1979), in an attempt to 
replace fish meal in trout feeds with poultry byproduct and 
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hydrolyzed feather meal, found that the two feedstuffs could replace 
almost 70% of fish meal. Alexis et^ a]_. (1985) successfully substituted 
fish meal component with poultry byproduct in combination with certain 
plant byproducts in diets compounded for the rainbow trout. 
Although digestibil i ty tests conducted ear l ier at this laboratory on 
L. rohita fingerling with fish meal and offal meal produced comparable 
values (Annonymous, 1988), replacement of former with the latter by 
more than 50% depressed growth. This may be attributed to improper 
contribution of essential amino acids and other nutrients not completely 
matching the requirement of the species. However, the overall poor 
(51%) growth observed in the fingerlings of L.. rohita fed diet 
compounded with fish meal and offal meal as the main protein sources 
may be the result of low (6.47 kcal/g protein) energy to protein 
rat io . This became apparent from subsequent growth experiment 
conducted on the fingerlings of the same species with varying energy 
to protein ratio, where best growth was found occurring at 8.33 
kcal/g protein (Annonymous, 1988). Using the same feedstuffs, the 
performance of the diet can, therefore, be improved by incorporating 
proper energy to protein ratio based on the requirement of the species 
concerned. 
SUMMARY 
Replacement of fish meal with offal meal was attempted for the carp 
fingerling L. rohita (4.7-6.0 cm, total length), using nearly 
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iso-caloric, 40% crude protein diets with energy to protein ratio of 
6.47 kcal/g protein. The results indicated that up to 50% of fish 
meal component in the diet can successfully be replaced with offal 
meal without altering fish growth or body protein. Dietary formulation 
containing a combination of 20% fish meal and 30% offal meal produced 
growth similar to that with 40% fish meal and 10% offal meal diet . 
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CHAPTER 9 
REPLACEMENT OF FISH MEAL PROTEIN WITH SOYBEAN PROTEIN IN 
DIETS FORMULATED FOR FINGERLINS LABEO ROHITA HAMILTON 
INTRODUCTION 
The increasing cost and unpredictable availabili ty of fish meal 
led to the search either for i t s replacement with cheaply and 
abundantly available plant protein feedstuffs or res t r ic t i ts use 
to the minimum while formulating commercial fish diets . Serious 
attention has been paid to scanning the plant protein sources that 
could sccessfully serve the above purpose (Tacon and Jackson, 
1985). Due to the worldwide dominance of soybean and i ts 
appreciation as quality protein, several workers have attempted 
to replace fish meal with soybean meal in dietary formulation for 
a number of fish species (Dabrowski and Kozak, 1979; Gropp et^  
al_., 1979; Spinelli, 1979; Fowler, 1980; Reinitz, 1980; Viola et^  
a]_., 1982; Viola and Areili , 1983*^'^; Abel et^  a]_., 1984; Shiau 
et^  al_., 1987; Davies et^  a]_., 1989; and Wee and Shu, 1989). The 
advantage of using soybean meal in practical fish diets has also 
been reviewed by Lovell (1985). 
90 
91 
of the various oilcake tested by the present author for their 
nutritional efficacy (chapter 7) , soybean oilcake produced the best 
growth and conversion efficiencies in 1.. rohita fingerlings. This 
study was, therefore, designed to examine the feasibility of 
replacing fish meal protein with soybean protein in diets 
compounded for the above species. 
MATERIALS AND METHODS 
Preparation of experimental diets 
Experimental diets containing 40% crude protein and 259 kcal of 
digestible energy/lOOg (dry diet) were prepared in the form of 
crumbles (500 micron) using the method detailed on pages 14-15. 
The diets were analysed for their proximate composition as per 
the standard AOAC techniques described ear l ier . 
Feeding trial 
L,. rohita fingerling (3.2-3.9 cm, total length) were sorted out 
from fish lots acclimatized on H-440 purified diet in the wet 
laboratory. These were stocked in replicate groups in polyvinyl 
circular troughs at the density of 100 fish per trough. Fish were 
fed six days a week, twice dally at 0800 and 1600 h , at the total 
rate of 5% body weight. Other details of the feeding t r ia l were 
the same as given under General Methodology section. 
92 
The average water temperature and dissolved oxygen over the 6-
week feeding t r ia l , based on dally measurements, were 29±1°C and 
6.2±1 ppm, respecctlvely. 
RESULTS AND DISCUSSION 
Table III summarizes the results of replacement of fish meal 
component with soybean meal on protein to protein basis in diets 
fed to 1.. rohita fingerling. 
The fish fed diet containing 35% fish meal protein without soybean 
protein (diet I) produced weight gain almost similar to those fed 
diet where 14% of fish meal protein was replaced by an equal 
amount of soybean protein (diet I I ) . The gains with the two 
dietary formulations being 83 and 86%, respectively. The 
conversion efficiencies were also comparable in fish groups 
receiving the above diets (Table IV). Substitution of 43% fish meal 
protein by soybean protein (diet III) depressed fish growth and 
conversion efficiencies. However, this depression in growth 
parameters was found statist ically insignificant (P > 0.05). 
Further replacement of fish meal protein with soybean protein by 
71 and 100% (diets IV and V) lowered fish growth as well as 
conversion efficiencies significantly (P < 0 . 0 5 ) . Test of analysis 
of variance indicated that mean l ive weight increment for all the 
experimental diets differed markedly (P < 0.01) over the 
experimental period. 
93 
The performance of various diets was also tested in relation to 
variation in the carcass composition of f ish. Fish fed diets I, 
II and III did not manifest any significant ( P > 0 . 0 5 ) change in 
their protein, fat and moisture contents (Table IV). However, 
carcass protein in fish receiving diets with higher levels of 
soybean protein incorporation (diet IV-V) declined significantly 
( P < 0.05). In these fishes the body fat content was also found 
to decrease considerably, with moisture content maintaining an 
inverse pattern of variation. It was interesting to note that diets 
containing higher amounts of fish meal showed reasonably good 
palatabll i ty, compared to formulations with higher soybean content. 
Of the protein-rich plant feedstuffs, soybean i s considered to have 
one of the best amino acid profiles, meeting the essential amino 
acid requirements of fish (Lovell, 1989). Defatted soybean meal 
i s generally used in fish feeds. It often comparised 50% of 
pelleted feed for fish, such as channel catfish (Wilson and Poe, 
1985 ). Encouraging results have also been obtained with full-
fat soybean meal used as an ingredient of fish ration (Smith, 1977; 
Reinltz et^  al^., 1978; Viola et^  al_., 1982; Abel et^  al^., 1984; and 
wee and Shu, 1989). Smith (1988) has noted that growth of fish 
fed properly heated soybean Incorporated diet was better than 
that with conventional fish meal contained d ie ts . Improvement 
in diet processing technology l ike micronization, extrusion, 
expansion and methods of cooking are reported to enhance the 
nutritional value of soybean for fish (Wee and Shu, 1989). 
94 
Attempts to replace fish meal with commercially processed soybean 
meal in fish diets met with variable success. Jackson et_ al_. 
(1982) and Viola et^  al^. (1983) obtained comparable growth, 
respectively, in juvenile ti lapia and carp at 25% dietary soybean 
incorporation. 
Viola and Arieli (1983 ) noted that growth rate , feed conversion 
and body composition of t i lapia were similar when 25% dietary 
protein was provided by fish meal or by a blend of 20% soybean 
meal. With low (24%) protein level diets fed to hybrid t i lapia, 
growth rate was reportedly similar between a control group fed 
a whole fish meal based diet and a treatment in which 30% of the 
fish meal protein was replaced with soybean meal (Shiau et_ a l . , 
1987). (Davies et_ £l_. 1989) reported that commercial soybean 
could replace up to 75% of the fish meal protein in diet with no 
significant reduction in the mean final weight of t i lapia . Davis 
and Stickney (1978) and Wu and Yan (1977) observed 32 and 27% 
reduction in the growth of Oreochromis aurea. respectively, when 
fish meal in diet was totally replaced with soybean meal. Under 
similar conditions, Jackson et_ ^ . (1982) noted 33% reduction in 
growth of £ . mossambicus. It was noted that larger ti lapia (Viola 
and Areili , 1983 ) performed better than the fry (Jackson et^  al^., 
1982). In rainbow trout, Tacon ^ al^. (1983^) successfully replaced 
up to 75% of the fish meal with soybean meal without any marked 
change in overall growth performance and feed utilization. 
De La Pena et a l . (1987) concluded that soybean meal, contributing 
95 
atleast 25% of dietary protein, can be used to replace fish meal 
to reduce the cost of feed for juvenile mllkflsh. Soybean protein 
concentrates was reported to be poorly utilized when used as the 
sole protein source in 30% crude protein ration for carp (Atack 
et a l . , 1979). In the present study on 1.. rohlta as well, the 
formulation containing soybean as the main protein source without 
fish meal (diet V) resulted in poor growth and conversion 
efficiencies. A reduction in overall growth to the extent of 75% 
was noticeable with th is diet in comparision to whole fish meal 
protein diet . 
Several workers have reported better results when high soybean 
meal based fish diets were supplemented with essential amino elds 
(Rumsey and Ketola, 1975; Viola et^  al^., 1982; Mural et^  al^., 1982 , 
1986, 1989). Comparable growth observed in 1.. rohlta with diets 
I, II and III suggests that 43% replacement of fish meal protein 
with soybean meal protein, as obtained in diet III, Is possible, 
and at this level of replacement the dietary essential amino acid 
profile seems to meet the needs of the fish. Although protein 
digestibil i ty of fish meal and soybean meal tested ear l ier at this 
laboratory i n L,. rohlta fingerling was almost identical (unpublished 
data) , replacement of former with the lat ter by more than 43% 
depressed fish growth significantly. This may be attributed to 
the reported deficiencies of methionine/cystine and lysine, together 
with several anti-nutritional factors, in soybean (NAS-NRC, 1983; 
96 
Lovell, 1985) which seem to magnify geometrically with increasing 
amounts of soybean protein. Viola et^  £]_. (1982) also recommended 
the replacement of 50% fish meal by soybean meal in carp diet 
maintaining that at th is level of replacement the deficiency of 
amino acids i s ba re ly noticeable. These workers were able to 
successfully enhance the level of replacement through incorporation 
of supplemental amino acids and oil in diet . 
Results of the present study on L.. rohita fingerling thus indicate 
that the dietary requirement for fish meal protein could 
successfully be reduced to 5 7% by i t s replcement with 4 3% soybean 
protein without altering the pattern of fish growth. 
Supplementation with amino acids may possibly increase the extent 
of replacement of fish meal with soybean protein in diets 
formulated for this species. 
SUMMARY 
Replacement of fish meal with soybean meal on protein to protein 
basis was attempted in 40% crude protein diets formulated for 
fingerling L^ . rohita. Dietary requirement for fish meal protein 
could successfully be reduced to 57% by replacement with 43% 
soybean protein without significantly altering the growth, conversion 
efficiencies and carcass composition of the fish. Levels of soybean 
protein incorporation above 43% depressed fish growth. The results 
are useful in developing cost-effective artificial feeds for this 
species. 
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